LI QUI D EJECTI NG HEAD, LI QUI D EJECTI NG DEVI CE AND LI QUI D EJECTI ksl D

FI ELD OF THE | NVENTI ON AND RELATED ART The present invention relates to a
liquid ejecting head for ejecting desired |iquid using generation of a
bubbl e by applying thernal energy to the liquid, a head cartridge using the

liquid ejecting head, a‘liquid ejecting¥evice using the same, a 10
met hod. 1t further, t ' containing the liquid
' i L{Q%JI% %SJ%& : ! ; FEJE%?I&H%SDB%P%EI iquid
and a head cartridge using dﬁggﬁé :
ui' d by movi ng the novabl e menber
using the genafEiy @F afnE NarEtDIoN |

manuf act yri ng net hod for the I|qU|d ejectirgg head, a liquid ejecting
ej ection head. 15
Qﬁ%§§ﬂ§ratlon of a bubbl e,
o -ﬁ%} and liquid ejecting
device using the sane. It further-relahe'
LATED ART
5 The present 1 entjﬁp relates to a liquid

nmet hod, a recording nethod, and a print p{éVIded using the liquid ejecting
ej ecting head haV|ng a nov
W 1
,toaliquid ejecting 20 nethod
and recording nmethod for ejection: ¢E;Nllé£

ejecting head for ejebtlng de51red 11qu1d using
generation of a bubble ﬂ; applylng thermal energy to
the liquid, a head cartridge using the liquid ejecting
head, a liquid ejecting device hsing the same, a

10 manufacturing method for the liguid ejecting head, a
liquid ejecting method, a recording method, and a
print provided using the liquid ejecting method. It
further relates to an ink jet head kit containing the
liquid ejection head.

15 _ More particularly, it relates to a liquid
ejecting head having a movable member movable by
generation of a bubble, and a head cartridge using the
liguid ejecting head, and liquid ejecting device using
the same. It further relates to a liquid ejecting

20 method and recording method for ejection the liquid by
moving the movable member using the genération of the
bubble.

The present invention is applicable to
equipment such as a printer, a copying machine, a
25 facsimile machine having a communication system, a

word processor having a printer portion or the like,

and an industrlalmrecordlngmdev1cemcomblned with
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The present invention is applicable to equipnment such as a printer, a
copying machine, a 25 facsimle machine having a conmuni cation system a
word processor having a printer portion or the like, and an industrial
recordi ng device conbined with -2- various processing device or
processi ng devices, in which the recordT%g is effected on a recording
material such as paper, thread, fiber, textile, leather, netal, plastic
resin material, glass, wood, 5 ceramc and so on. In this specification,
"recordi ng” NBARS ot e of letter ilgure or the |ike

navi (TEE TR nERtYatfnd) &8 e R kreenrins v iags: ofn
aving speci f1¢ neanings, -1 I I T ho ani®Y heGE- of “a patheén f
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resulting in matéPPARANSRRROMS YOL4HE thread, fiber, textile,
Jeather, metal, plastic resin material, glass, wood,
5 ceramic and so on.

In this specification, "recording" means not
only forming an image of letter, figure or the like
having specific meanings, but also includes forming an
image of a pattern not having a specific meaning.

10 An ink jet recording method of so-called
bubble jet type is known in which an instantaneous
state change resulting in an instantaneous volume
change (bubble generation) is caused by application of
energy such as heat to the ink, so as to eject the ink

15 through the ejection outlet by the force resulted from
the state change by which the ink is ejected to and
deposited on the recording material to form an image
formation. As disclosed in US patent No. 4,723,129, a
recording device using the bubble jet recording method

20 comprises an ejection outlet for ejecting the ink, an
ink flow path in fluid communication wi%h the ejection
outlet, and an electrothermal transducer as energy
generating means disposed in the ink flow path.

With such a recording method is advantageous

25 in that, a high quality image, can be recorded at high
speed and with low noise, and a plurality of such

ejection outlets can be posited at high density, and



change (bubbl e generation) is caused by application of energy such as heat
to the ink, so as to eject the ink 15 through the ejection outlet by the
force resulted fromthe state change by which the ink is ejected to and
deposited on the recording material to fgrman inmage formation. As

di sclosed in US patent No. 4,723,129, a recording device using the bubble
jet recording nethod 20 conprises an ejection outlet for ejecting the ink,
an ink flow path in fluid comrunication with the ejection outlet, and an

eIectrotherna%$éf§£§ggpe§m§flegfggyféﬁégﬁgﬁ%g%%ﬁ%@géugiég@gggeigﬁthe I nk

flow path. Wth s a recording net ageous I'n at, a high
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plurality of such ejection outlets can be posited at ~density, and
therefore, snphdgéd ZCar SOk VPASFREAS OPRERS fofd, PERY i g1 & hi gh

resol ution can be provided, and color images can be easily forned.
Therefore, thiebuddterding method is now widely used in printers,

5 copying machines, facsimile machines or another office
equipment, and for industrial systems such as textile
printing device or the like.

With the increase of the wide needs for the
bubble jet technique, various demands are imposed

10 thereon, recently.

For example, an improvement in energy use
efficiency is demanded. To meet the demand, the
optimization of the heat generating element such as
adjustment of the thickness of the protecting film is

15 investigated. This method is effective in that a
propagation efficiency of the generated heat to the
liquid is improved.

In order to provide high image quality
images, driving conditions have been proposed by which

20 the ink ejection speed is increased, and/or the bubble
generation is stabilized to accomplish better ink
ejection. As another example, from the standpoint of
increasing the recording speed, flow passage
configuration improvements have been proposed by which

25 the speed of liquid filling (refilling) into the
liguid flow path is increased.

Japanese Laid Open Patent Application No.



jet recording nethod is now widely used in printers, 5 copying nachines,
facsim |l e machi nes or another office equipnment, and for industrial systens
such as textile printing device or the like. Wth the increase of the w de
needs for the bubble jet technique, various denmands are inposed 10
thereon, recently. For exanple, an inpro¥enent in energy use efficiency is
demanded. To neet the demand, the optim zation of the heat generating

el enent such as adjustment of the thickness of the protecting filmis 15
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stabilized to acconplifhe beidfia gkl SEh08sa §{¥ﬁé%ﬁrgx@gp%e, fromthe

standpoi nt of increasing the recordi ng speed, ow passage configuration

| nprovenent s maver AEQEr M@ INSEbdVr Nt &for are proposed from the
5 standpoint of the back wave toward the ligquid chamber.
This back wave is considered as energy loss since it
does not contribute to the liquid ejection. It
proposes a valve 10 disposed upstream of the heat
generating element 2 with respect to the direction of
10 géneral flow of the liguid, and is mounted on the
ceiling of the passage. 1t takes an initial position
wherein it extends along the ceiling. Upon bubble
generation, it takes the position wherein it extends
downwardly, thus suppressing a part of the back wave
15 by the valve 10. When th valve is generated in the
path 3, the suppression of the back wave is.not
practically significant. The back wave is not
directly contributable to the ejection of thé ligquid.
Upon the back wave occurs in the path, the pressure
20 for directly ejecting the liquid already makes the
liquid ejectable from the passage. )

On the other hand, in the bubble jet
recording method, the heating is repeated with the
heat generating element contacted with the ink, and

25 therefore, a burnt material is deposited on the
surface of the heat generating element due to kogation

of the ink. However, the amount of the deposition may



25 the speed of liquid filling (refilling) into the liquid flow path is

I ncreased. Japanese Laid Open Patent Application No. SHO- 63- 199972
propose fl ow passage structures as disclosed in Figure 1, (a) and (b), for
exanple. The liquid path or passage structure of a manufacturing nethod
therefor are proposed fromthe 5 standpoPnt of the back wave toward the

| i quid chanber. This back wave is considered as energy |loss since it does
not contribute to the liquid ejection It proposes a valve 10 di sposed
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Wien th valve is generated
the one easily deteriorated by heat or even when the

5 liquid is the one with which the bubble generation is
not sufficient, the liquid is desired to be ejected in
good order without property'change.

- Japanese Laid Open Patent Application No.
SHO-61-69467, Japanese Laid Open Patent Application

10 No. SHO-55-81172 and US Patent No. 4,480,259 disclose
that different liquids are used for the liquid
generating the bubble by the heat (bubble generating
liquid) and for the liquid to be ejected (ejection
liguid). In these publications, the ink as the.

15 ejection liquid and the bubble generation liquid are
completely separated by a flexible film of silicone
rubber or the like so as to prevent direct contact of
the ejection liquid to the heat generating element
while propagating the pressure resulting from the

20 bubble generation of the bubble generation liquid to
the ejection liquid by the deformation éf the flexible
film. The prevention of the deposition of the
material on the surface of the heat generating element
and the increase of the selection latitude of the

25 ejection liquid are accomplished, by such a structure.

However, with this structure in which the

ejection liquid and the bubble generation liquid are



path 3, the suppression of the back wave is not practically significant.
The back wave is not directly contributable to the ejection of the Iiquid.
Upon the back wave occurs in the path, the pressure 20 for directly
ejecting the liquid al ready makes the Iiguid ej ectable fromthe passage. On
the other hand, in the bubble jet recordrrng nethod, the heating is repeated
with the heat generating elenent contacted with the ink, and 25 therefore,
a burnt material is deposited on the surface of the heat generating elenegt
due to kogati fthe ink. However, the anmpunt of the deposition may e
| ar ge dependi%émgﬁe%ﬁgznﬁ?gﬁf3¥§ OftPﬁepFﬁﬁstetﬁ?SQEECng,the ink ]
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desired to be ejected in
lexible film, and therefore, the pressure is absorbed
5 by the flexible film toc a quite high degree. 1In
addition, the deformation of the flexible film is not
so large, and therefore, the energy use efficiency and
the ejection force are deteriorated although the some

effect is provided by the provision between the

10 ejection liquid and the bubble generation liguid.

SUMMARY OF THE INVENTION

Accordingly, it is a principal object of the

present invention to provide a liguid ejection
15 . principle with which the generated bubble is
controclled in a novel manner.

It is another object of the present invention
to provide a liquid ejecting method, liguid ejecting
head and s8¢ on wherein heat accumulation in the liquid

20 on the heat generating element is significantly
reduced, and the residual bubble on the-heat
generating element is reduced, while improving the
ejection efficiency and the ejection pressure.

It is a further object of the present

25 invention to provide a liquid ejecting head and soc on
wherein inertia force in a direction against liguid

supply direction due to back wave is suppressed, and



good order w thout property change. Japanese Laid Qpen Patent Application
No. SHO 61-69467, Japanese Laid Open Patent Application 10 No.

SHO 55-81172 and US Patent No. 4,480,259 disclose that different |iquids
are used for the liquid generating the bubble by the heat (bubble
generating - liquid) and for the liquid to7be ejected (ejection liquid). In
these publications, the ink as the 15 ejection |iquid and the bubble
generation liquid are conpletely separated by a flexible filmof silicone
rubber or the |ike so as fo preyent direct contact of the ejection liquid
to the heat d%HE?ﬁF?ﬂﬁoﬁ? nf ?%gp?gpﬁﬁéf?ﬁﬁl?ﬂeoﬁr@s%ﬁ?éj?@§ulLing
fromthe 20 b |l on of,the_bubple geperation |iquid to the
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liquid are acsor® +ehed nbyh sssded SEidcinge. However, with this structure
in which the ejection idﬁ?& and tﬂz bubBF% generation liquid are

5 It is a further object of the present
invention to provide a liquid ejecting head and so on
wherein deposition of residual material on the heat
generating element is reduced, and the range of the
usable liquid is widened, and in addition, the

10 ejection efficiency and the ejection force are
significantly increased.

It is a further object of the present
invention to provide a liquid ejecting method, a
liquid ejecting head and so on, wherein the choice of

15 the liquid to be ejected is made greater. |

It is a further object of the present
invention to provide a manufacturing method for a
liquid ejecting head with which such a liquid ejecting
head is easily manufactured.

20 It is a further object'of the present
invention to provide a liquid ejecting ﬂead, a
printing apparatus and so on which can be easily
manufactured because a liquid introduction path for
supplying a'plurality of liquids are constituted with

25 a small number of parts. it is an additional object to
provide a downsized liquid ejecting head and device.

It is a further object of the present



-6- conpletely separated, the pressure by the bubble generation is
propagated to the ejection liquid through the expansion-contraction
deformation of the flexible film and therefore, the pressure is absorbed 5
by the flexible filmto a quite high degree. In addition, the deformation
of the flexible filmis not so |arge, aﬁﬁ'therefore, t he energy use
efficiency and the ejection force are deteriorated although the some effect
is provided by the provision between the 10 ejection liquid and the bubble

obj act of 't netrdatRolt £ ntbulak 8 WEOH ERLAE TG o Splbare ohe a8 BRinci pi e
with which thengeacsatesi Bulb febfiGANhELhLEY I N @ novel manner. It is
anot her object of the present Tnvention to provide a |iquid ejecting
nethod, liquid ejectingt is a further object of the present
invention to provide a head kif for permitting easy
5 refuse of the liquid ejecting head.

According to an aspect of the present
invention, there is provided a liquid ejecting method,
comprising: providing a substrate having a heat
generating surface for generating heat for generating

10 a bubble in ligquid; providing a movable member having
a free end; providing an ejection outlet for ejecting
the liquid using the generation of the bubble, the
ejection outlet being opposed to the substrate with
the movable member intefposed therebetween; disposing

15 the free end of the movable member at a downstream
side with respect to a direction of flow of the liquid
to the ejection outlet; and wherein the bubble
displaces the free end of the movable member, and
grows toward the ejection outlet to eject the liquid.

20 According to another aspect of the present
invention, there is provided a liquid eﬁecting method,
comprising: providing a heat generating surface for
generating heat for generating a bubble in liquid;
providing a movable member having a free end;

25 providing an ejection outlet for ejecting the liquid
using the generation of the bubble, the ejection

outlet being opposed toc the heat generating surface



head and so on wherein heat accunulation in the liquid 20 on the heat
generating elenent is significantly reduced, and the residual bubble on the
heat generating elenment is reduced, while inproving the ejection efficiency
and the ejection pressure. It is a further object of the present 25

i nvention to provide a liquid ejecting W&ad and so on wherein inertia force
in a direction against liquid supply direction due to back wave is
suppressed, and -7- simultaneously, a degree of retraction of a neniscus
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the liquid to the ejection outlet; and wherein the
5 bubble displaces the free end of the movable member,
and grows toward the ejection outlet to eject the
liguid.
According to a further aspect of the present
invention, there is provided a liquid ejection head
ﬂo comprising: a substrate having a heat generating
surface for generating heat for generating a bubble in
ligquid; a movable member having a free end; an
ejection outlet for ejecting the liquid using the
generation of the bubble, the ejection outlet being
15 opposed to the substrate with the movable member
interposed therebetween; an opposing member cooperable
with the movable member to direct the bubble toward
the ejection outlet, wherein the opposing member
opposes to such a side of the movable member as is
20 near to the heat generating surface when the free end
of the movable member is displaced by the bubble.
According to a further aspect of the present
invention, there is provided a_liquid ejection head
comprising: a heat generating surface for generating
25 heat for generating a bubble in liquid; a movable
member having a free end; an ejection outlet for

ejecting the liquid using the generation of the



usable liquid is widened, and in addition, the 10 ejection efficiency and
the ejection force are significantly increased. It is a further object of
the present invention to provide a liquid ejecting nethod, a liquid

ej ecting head and so on, wherein the choice of 15 the liquid to be ejected
is made greater. It is a further object -of0the present i nvention to provide
a manufacturing nethod for a liquid ejecting head with which such a liquid

ej ecting head is easily manufactured. 20 Ithisda further object
of the present inventi to provide a_liquid eJectlng ead, a printing
appar at us anda’%’bﬁﬁ" ?"@n e@ﬁ?%@%&éﬁqlftnmﬂﬂ% dudden heatui d
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present
movable member to direct the bubble toward the

5 ejection outlet, wherein the opposing member opposes
to such a side of the movable member as is near to the
heat generating 'surface when the free end of the
movable member is displaced by the bubble.

According to a further aspect of the present
10 invention, there is provided a head cartridge
comprising: a liquid ejection head including; a
substrate having a heat generating surface for
generating heat for generating a bubble in liquid; a
movable member having a free end; an ejection outlet
15 for ejecting the liquid using the generation of the
bubble, the ejection outlet being opposed to the
substrate with the movable member interposed
therebetween; an opposing member cooperable with the
movable member to direct the bubble toward the
20 ejection outlet, wherein the opposing member opposes
to such a side of the movable member as-is near to the
heat generating surface when the free end of the |
movable member is displaced by the bubble; and the
head cartridge further comprising: a liquid containing
25 portion for containing the liquid to be supplied to
the liguid ejecting head.

According to a further aspect of the present



I nvention to provide a good print of an image using an above-descri bed
ejection nethod. It is a further object of the present invention to provide
a head kit for permtting easy 5 refuse of the liquid ejecting head.
According to an aspect of the present inyention, there is provided a liquid
ej ecting nmethod, conprising: providing allubstrate havi ng a heat generating
surface for generating heat for generating 10 a bubble in |iquid;
provi di ng a novabl e nenber having a free end; providing an ejection outl et
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novabl e menber, and grows toward the ejection outlet to e ect the liquid.
20 a ATk non t Diquid hed mevatsle hehbér PhESERG a free
5 end; an ejection outlet for ejecting the liquid using
the generation of the bubble, the ejection outlet
being opposed to the heat generating surface with the
movable member interposed therebetween; an opposing
member cooperable with the movable member to direct
10 the bubble toward the ejection outlet, wherein the
opposing member opposes to such a side of the movable
member as is near to the heat generating surface when
the free end of the movable member is displaced by the
bubble; and the head cartridge further comprising: a
15 liquid containing portion for containing the liquid to
be supplied to the liguid ejecting head.

According to a further aspect of the present
invention, there is provided a liquid ejection
apparatus comprising: a ligquid ejection head

20 including; a substrate having a heat generating
surface for generating heat for generating a bubble in
liquid; a movable member having a free end: an
ejection outlet for ejecting the liquid using the
generation of the bubble, the.ejection outlet being

25 opposed to the substrate with the movable member
interposed therebetween; an opposing member cooperable

with the movable member to direct the bubble toward



i nvention, there is provided a |liquid ejecting nethod, conprising:

provi ding a heat generating surface for generating heat for generating a
bubble in liquid; providing a novabl e nenber having a free end; 25
providing an ejection outlet for ejecting the liquid using the generation
of the bubble, the ejection outlet being ©Opposed to the heat generating
surface -9- with the novabl e nenber interposed therebetween; disposing
the free end of the novabl e nenber at a downstream side with respect to a

direction of gﬂé)v%:ﬁéec#{%lgﬁ%f't ?:hﬁé‘:eeﬁi éo %Jériﬁé;n%éﬂgewer ein the 5

bubbl e di spl aces ‘free e of’ the novable grows toward the
ej ection outlglpdLe®€Sisidie & ISidd. oA dhdMdat Pe AmdibéRess agpect of the

present invention, there is provided a liquid ejection head 10 conpri si ng:
a substrate hpdnod hreathagehaferiéting surface when the free end

of the movable member is displaced by the bubble; and

5 the apparatus further comprising: driving signal
supply means for supplying a driving signal for
ejecting the liquid.

According to a further aspect of the present

invention, there is provided a liquid ejection

10 apparatus comprising: a liquid ejection head
including; a substrate having a heat generating
surface for generating heat for generating a bubble in
liquid; a movable member having a free end; an
ejection outlet for ejecting the liquid using the

15 generation of the bubble, the ejection outlet being
opposed to the substrate with the movable member
interposed therebetween; an opposing member cooperable
with the movable member to direct the bubble toward
the ejection outlet, wherein the opposing member

20 opposes to such a side of the movable member as is
near to the heat generating surface wheﬁ the free end
of the movable member is displaced by the bubble; and
transporting means for transporting a recording
material for receiving the liquid ejected from the

25 liqguid ejecting head.

According to a further aspect of the present

invention, there is provided a liquid ejection



surface for generating heat for generating a bubble in liquid; a novable
menber having a free end; an ejection outlet for ejecting the liquid using
t he generation of the bubble, the ejection outlet being 15 opposed to the
substrate with the novabl e nenber interpo;ed t her ebet ween; an opposi ng
menber cooperable with the novable menbet3To direct the bubble toward the
ej ection outlet, wherein the opposing nenber opposes to such a side of the
novabl e menber as is 20 near to the heat generating surface when the free
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further aspe he ion;” 1S provided a liquid
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member having a free end; an ejection outlet for
5 ejecting the liquid using the generation of the
bubble, the ejection outlet being opposed to the heat
generating surface with the movable member interposed
therebetween; an opposing member cooperable with the
movable member to direct the bubble toward the
10 ejection outlet, wherein the opposing member opposes
to such a side of the movable member as is near to the
heat generating surface when the free end of the
movable member is displaced by the bubble; and fhe
apparatus further comprising: driving signal supply
15 means for supplying a driving signal for ejecting the
liguid.

According to a further aspect of the present
invention, there is provided a liquid ejection
apparatus comprising: a liquid ejection head

20 including; a heat generating surface for generating
heat for generating a bubble in liquid;-a movable
member having a free end; an ejection outlet for
ejecting the liquid using the generatipn of the
bubble, the ejection outlet being opposed to the heat

25 generating surface with the movable member interposed
therebetween; an opposing member cooperable with the

movable member to direct the bubble toward the



bubbl e, the ejection outlet being opposed to the heat generating surface
with the novabl e nenber interposed therebetween; an opposi ng nenber
cooperable with the novable menber to direct the bubble toward the 5

ej ection outlet, wherein the opposing nenber opposes to such a side of the
novabl e member as is near to the heat geddrating surface when the free end
of the novable menber is displaced by the bubble. According to a further
aspect of the present 10 invention, there is provided a head- cartridge

i sing: i qui.d e ' head i.ncluding. a _substrate havi heat
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a side of the novable nenber as is near to
5 transporting means for transporting a recording

material for receiving the liquid ejected from the
liqguid ejecting head.
According to a further aspect of the present
invention, there is provided a head kit comprising: a
10 liquid ejection head including; a substrate having a
heat generating surface for generating heat for
generating a bubble in liquid; a movable member having
a free end; an ejection outlet for ejecting the liguid
using the generation of the bubble, the ejection
15 outlet being opposed to the substrate with the movable
member interposed therebetween; an opposing member
cooperable with the movable member to direct the
bubble toward the ejection outlet, wherein the
opposing member opposes to such a side of the movable
20 member as is near to the heat generating surface when
the free end of the movable member is d;splaced by the
bubble; and a liquid container containing the liquid
to be supplied to the liquid ejecting head.
According to a further aspect of the present
25 inventioh, there is provided a head kit comprising: a
liquid ejection head including; a having a heat

generating surface for generating heat for generating



heat generating surface when the free end of the novable nmenber is

di spl aced by the bubble; and the head cartridge further conprising: a
liquid containing 25 portion for containing the liquid to be supplied to
the liquid ejecting head. According to a further aspect of the present
invention, there is provided a head cart}?dge conprising: a liquid ejection
head includlng a heat generating surface for generating heat for
generating a bubble in liquid;, a novable nenber having a free 5 end; an
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IS near tot eat generating surface
being opposed to the heat generating surface with the

5 movable member interposed'therebetween; an opposing
member cooperable with the movable member to direct
the bubble toward the ejection outlet, wherein the
opposing member opposes to such a side of the movable
member as is near to the heat generating surface when

10 the free end of the movable member is displaced by the
bubble; and a liquid container containing the liquid
to be supplied to the liquid ejecting head.

According to a further aspect of the present
invention, there is provided a liquid ejecting method,

15 comprising: providing a substrate having a heat
generating surface for generating heat for generating
a bubble in liguid; providing a movable member having
a free end; providing an ejection outlet member having
an ejection outlet for ejecting the liquid using the

20 generation of the bubble, the ejection outlet being
opposed to the substrate with the movabie member
interposed therebetween; wherein the ejection outlet
member and the substrate define a liquid path
therebetween and do not cross each other in the path;

25 disposing the free end of the movable member at a
downstream side with respect to a direction of flow of

the liquid to the ejection outlet; and wherein the



the free end of the novable nmenber is displaced by the bubble; and the head
cartridge further conprising: a 15 1liquid containing portion for .
containing the liquid to be supplied to the liquid ejecting head. According
to a further aspect of the present invention, there is provided a liquid

ej ection apparatus conprising: a liquid é]ectlon head 20 including; a
substrate having a heat generating surface for generating heat for
generating a bubble in liquid;, a anabIe menber havi ng a free end; an

he | f the bubbl e,
electi on outl Shebih BELEANL! Bel i9UE0oHA 09 Lg AENSLALI b gL, Do bub
menber |nterpgﬁgdgggegeggkﬁgaggggleggggingogegggr ghgggr mnth t he

novabl e menber to direct t e towa e eJect|5h outl et
wherein the oppgaiag nenber opposes to such a side of the novable nenber as

' According to a further aspect of the present
5 invention, there is provided a liquid ejection head
comprising: a substrate having a heat generating
surface for generating heat for generating a bubble in
liquid; a movable member having a free end: an
ejection outlet member having an ejection outlet for
10 ejecting the liquid using the generation of the
bubble, the ejection outlet being opposed to the
substrate with the movable member interposed
therebetween; wherein the ejection outlet member and
the substrate define a liquid path therebetween and do
15 not cross each other in the path; an opﬁosing member
cooperable with the movable member to direct the
bubble toward the ejection outlet, wherein the
opposing member opposes to such a side of the movable
member as is near to the heat generating surface when
20 the free end of the movable member is displaced by the
bubble; the heat generated by the heat éenerating
surface causes film boiling of liquid to create the
bubble.
According to a further aspect of the present
25 invention, there is provided a recording system using
the recording apparatus.

According to the present invention, a movable



near to the heat generating surface when the free end of the novable member
i s displaced by the bubble; and 5 the apparatus further conprising: driving
signal supply neans for supplying a driving signal for ejecting the liquid.
According to a further aspect of the present invention, there is provided a
liquid ejection 10 apparatus conprisinglZs |iquid ej ection head including;
a substrate having a heat generating surface for generating heat for
generating a bubble in liquid; a novable nenber having a free end; an

' ' ' ' the Iiquid ' the 1 eneration of the
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opposi ng nenbafedlioAPBAEEEL, 0ai4plates! 1Bwalrdl RRcMRYUMUS JIERR1AS 1S near
of e

to the heat generating surface when the free en he Tovable hber is
di spl aced by bgethebplessared pragaeen! bydtFeababble YeesR¥dd B @

recordi ng

5 the heat generation surface. As a result, the movable
member cooperates with a member opposed thereto, and
concentrates the pressure produced by the bubble
toward the ejection outlet as if it squeeze the fluid
communication path between the heat generation surface

10 and the ejection outlet. Therefore, the liquid can be
ejected with high ejection efficiency, high ejection
power, and high shot accuracy onto the recording
material. The movable member is also effective to
reduce the influence of the back wave, and therefore,

15 the refilling property of the liquid can be improved.
Therefore, there is provided the high responsivity,
stable growth of the bubble and the stable ejection
property of the liquid droplet during continuous
liquid ejections, thus accomplishing high speed

20 recording and high image quality recording.

By using the ligquid which is eésy to generate
the bubble and which does not easily produce
accumulated material such as cogation in the liquid
ejecting head in the two-flow-path structure, the

25 latitude of the selection of the ejection liquid is
increased. Additionally liquid which is relatively

influenced by heat is usable without the influence.



material for receiving the liquid ejected fromthe 25 1liquid ejecting
head. According to a further aspect of the present invention, there is
provided a liquid ejection -13- apparatus conprising: a liquid ejection
head i ncluding; a heat generating surface for generating heat for
generating a bubble in liquid; a novabl el8enber having a free end; an
ejection outlet for 5 ejecting the liquid using the generation of the
bubbl e, the ejection outlet being opposed to the heat generating surface

Cooper abl & wi th tho moBSEPECHBRbE HCARRBE AEhB= b0 RECEORaPd FRE 10

movabl o member 23 Feeqebr g ARBA bR R BeR R T ER ks Bl ch¥eRe T ce end
of the novabl pigeificejeetdh§Phasqs BintBe RURAESCtBREal B8th nigh

precision, with smaller number of parts at low cost.

5 The present invention provides _.a recording
system or liquid ejecting device with high ejection
efficiency.
According to the present invention, the head

can be reused.

10 - These and other objects, features and
advantages of the present invention will become more
apparent upon a consideration of the following
description of the preferred embodiments of the

present invention taken in conjunction with the

15 accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic sectional view of a

major part of a liquid ejecting head according to an
20 embodiment.

Figure 2 is a partial schematié partly broken
perspective view of a major part of a liquid ejecting
head according to an embodiment of the present
invention.

25 Figure 3A is a schematic sectional view
illustrating liquid ejection state of a liquid

ejecting head according to an embodiment of the



apparatus further conprising: driving signal supply 15 nmeans for supplying
a driving signal for ejecting the Iiquid. According to a further aspect of
the present invention, there is provided a |liquid ejection apparatus
conprising: a liquid ejection head 20 including; a heat generating surface
for generating heat for generating a bubBPe in Iiquid;, a novable nmenber
having a free end; an ejection outlet for ejecting the liquid using the
generation of the bubble, the ejection outlet being opposed to the heat 25
generating surface with the novabl e nenber interposed therebetween; an
opposi ng nenbBFeEEBhetABPBLHPPR t he novabl e nenber to direct the bubble

toward the -14- ejegtion o§glet, mhg e tt.he Oﬁ QsSi ng nenber opposes to
such a side of the novabPBTfenterSad PEREEHEo SEEHE: a&ﬁgrating surface

when the free;ends9fatifiy 1iquid ejection state of a ligquid

Mo

ejecting head according to the.embodiment of the

5 present invention.

Figure 3C is a schematic.sectional view
illustrating liquid ejection state of a liquid
ejecting head according to the embodiment of the
present invention.

10 Figure 3D is a schematic sectional view
illustrating liquid ejection state of a liquid
ejecting head according to the embodiment of the
present invention.

Figure 4 is a schematic sectional view of a

15 major part of a ligquid ejecting head according to an
embodiment of the present invention.

Figure 5 is a schematic sectional view of a
major part of a liquid ejecting head according to an
embodiment of the present invention.

20 Figure 6 is a partly broken schematic
perspective view of a major part of a liquid ejecting
head according to an embodiment of the present
invention.

Figure 7 is a schematic sectional view of a

25 major part of a liquid ejecting head according to an
embodiment of the present invention.

Figure 8 is a partially broken schematic



novabl e menber is displaced by the bubble; and 5 transporting nmeans for
transporting a recording material for receiving the liquid ejected fromthe
liquid ejecting head. According to a further aspect of the present

i nvention, there is provided a head kit conpr|3|ng a 10 liquid ejection
head i ncluding; a substrate having a heat0Ogenerating surface for generating
heat for generating a bubble in liquid;, a novable nenber having a free end,
an ejection outlet for ejecting the liquid using the generation of the

bubbl e, the ejection 15 outlet_bei opposed to th bstrate ,with the
movabl e nonboPSTRPRREEIVERE: SheRwlLAa S aBEbL PG BRB N BFCOBAEEaDI & v th
th bl nmb th d th t tlet, wh

thg ggggsiﬁg n%ér 8Bp03§§£ o gu?ﬁgapgﬁégm%;lPﬁggﬁﬁégglgogoouneﬁber agr?;n
near to the heat generﬁgbgge @geamggge&gg ErggPegga f i B& g?vgble menber

I's displaced by the bu a li contai nef tont ai ning the liquidto
be suppl i ed tﬁeahegghgyhélﬁgeeiémanbeaad f6¢abdbNBok@i8nf Uit RRE aspect of

t he present
5 like used in a liquid ejecting head according to an
embodiment of the present invention.

Figure 9B is a schematic top plan view of a
heat generating element and movable portion or the
like used in a ligquid ejecting head according to the

10 embodiment of the present invention.

Figure 9C is a schematic top plan view of a

" heat generating element and movable portion or the
like used in a liquid ejecting head according to the
embodiment of the present invention.

15 Figure 10A is a schematic sectional view
illustrating liquid ejection state of a liquid
ejecting head according to an embodiment of the
present invention.

Figure 10B is a schematic sectional view

20 illustrating liquid ejection state of a liquid
ejecting head according to the emhodimeﬂt of the
present invention.

Figure 10C is a schematic sectional view
illustrating liquid ejection state of a liquid

25 ejecting head according to the embodiment of the
present invention.

Figure 10D is a schematic sectional view



25 invention,
head i ncl udi ng;

generati ng

t he opposi ng
to the heat
I s displaced

there is provided a head kit conprising: a liquid ejection
a having a heat generating surface for generating heat for

a bubble in liquid; a novable nenber having a free end; an

ejection outlet for ejecting the liquid using the generation of the bubble,
the ejection outlet being opposed to the2heat generating surface with the 5
novabl e nmenber interposed therebetween; an opposi ng nenber cooperable with
t he novabl e nenber to direct the bubble toward the ejection outlet,
nmenber opposes, to such a side of the novabl e nenber as is near

wher ei n

dedtshnatgi ng riime dufsiedioion ittt Ll bR novabl e nenber

lquid to
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25

P 3, & ovL ded @ 11 qurd e ecti ng et hod
Figure 11A is a schematic sectional view
illustrating pressure propagation from a bubble
produced in a liquid ejecting head according to an
embodiment of the present invention.

Figure 11B is a schematic sectional view
illustrating pressure propagation from a bubble in a
conventional liquid ejecting head.

Figure 12 is a schematic sectional view of a
major part of a liquid ejecting head according to an
embodiment of the present invention.

Figure 13A is a schematic sectional view and

15

a partial schematjic top plan view of a liquid ejecting

head according to an embodiment of the present
invention.

Figure 13B is a schematic sectional view and
a partial schematic top plan view of a liguid ejecting
head according to the embodiment of the present
invention. )

Figure 14A is a schematic sectional view
illustrating liquid ejection state in a liquid
ejecting head according to an embodiment of the
present invention.

Figure 14B is a schematic sectional view

illustrating liquid ejection state in a liquid



generating surface for generating heat for generating a bubble in Iiquid;
provi di ng a novabl e nenber having a free end; providing an ejection outlet
menber having an ejection outlet for ejecting the liquid using the 20
generation of the bubble, the ejection outlet being opposed to the
substrate with the novabl e nenber interpédded therebetween; wherein the
ejection outlet nmenber and the substrate define a liquid path therebetween
and do not cross each other in the path; 25 disposing the free end of the
novabl e menber_. at._a downstream side th_respect 1o a dipection of flow of
the liquid tc?%?ﬁ?%?%c??%# ?Eﬁ?%éfn%ﬁ%OWB@?e ﬂb??%pent-ﬁé-g%%bble di spl aces

the free end . enber, and grows toward the ejection outlet to
ej ect the Iicé%%%égégg¥é]%€l 0 a further aspect of the present 5

invention, there is preyided fsAi i d SLREHALPTCNE8E ional view and

a partial schematic top plan view of a liquid ejecting

5 head according to an embodiment of the present
invention.

Figure 15B is a schematic sectional view and
a partial schematic top plan view of a liquid ejecting
head according to the embodiment of the present

10 invention.

Figure 16A is a schematic sectional view
illustrating a major part of a liquid ejecting head
according to an embodiment of the present invention.

Figure 16B is a schematic sectional view

15 illustrating a major part of a liquid ejecting head
according to the embodiment of the present invention.

Figure 17 is partial schematic perspective
view of an embodiment of the present invention.

Figure 18 is an is a partial schematic

20 perspective view of a liquid ejecting head according
to an embodiment of the present inventién.

Figure 19A is a schematic top plan view
illustrating an example of a configuration of the
movable portion usable in the liquid ejecting head of

25 the present invention.
Figure 19B is a schematic top plan view

illustrating another example of a configuration of the



conprising: a substrate having a heat generating surface for generating
heat for generating a bubble in liquid;, a novable nenber having a free end,
an ejection outlet nmenber having an ejection outlet for 10 ejecting the

| iquid using the generation of the bubble, the ejection outlet being
opposed to the substrate with the anamZQTmﬁﬁMH I nt er posed t herebet ween;
wherein the ejection outlet nenber and the substrate define a liquid path

t her ebetween and do 15 not cross each other in the path; an opposing
menber cooperabl he nova Ie g direct. the buhble toward the
ej ecti on out M&Y2 ?W?erpéﬁjflt"ﬁ’e nﬁé’rﬂ) %ﬁ;’f’g qu\ &?aéis‘? e of the
novabl e nmenb b ar, eat generating surface when 20 the free
end of the HEV %fes 1nk%=§ﬁ Saced by t he bubbl e; the heat generated by
t he heat gener at| ng sg;r fg%rt%hcl@ésqg fd 19RO + ldl%‘ldrte% create the

bubbl e. According to a aspect o “The presen I'nvention, there
i's provided 3ineEdr@tithed S FRIPHHE AdMD 11 ¥ H ROAPRAAHUDn of

5 the movable portion usable in the liquid ejecting head
of the present invention.

Figure 20 is a schematic top plan view
illustrating example of a movable portion usable with
a liquid ejecting head of the present invention.

10 Figure 21A is a schematic top plan view
illustiating an example of a configuration of a
movable portion of a liquid ejecting head of the
present invention.

Figure 21B is a schematic top plan view

15 illustrating another example of a configuration of a
movable portion of a liquid ejecting head of the
present invention.

Figure 21C is a schematic top plan view
illustrating a further example of a configuration of a

20 movable portion of a liquid ejecting head of the
present invention. )

Figure 22A is a schematic sectional view
illustrating an example of a substrate of a liquid
ejecting head of the present invention.

25 Figure 22B is a schematic sectional view
illustrating an example of a substrate of a liquid

ejecting head of the present invention.



According to the present invention, a novable -17- nmenber having a free
end interposed between a heat generation surface of a heat generating

el enment and an ejection outlet, displaces toward the ejection outlet by the
pressure produced by the bubble generated by 5 the heat generation
surface. As a result, the novabl e nenbe24cooperates with a nenber opposed
thereto, and concentrates the pressure produced by the bubble toward the
ejection outlet as if it squeeze the fluid conmuni cati on path between the
heat generation surfac the ejection outlet. Therefore, the liquid

can be ejected with hi gﬁ Bjrgc goﬁsef“f FEPBHC? OWiLRE &Pe 53R ﬁowé‘r a and hi gh

shot accuracy h or erial mgvabl. e nber is al so
effective to dgg nb ﬁgrl%%f Iaggﬁgggaé: tﬁelt}gb’%%w&\?gc ARg n?‘?édeﬂfr &heis  the
refilling progﬁékénﬂflhbén%hﬂﬂ'd can be inproved. Therefore, there is
provi ded the high responsivity,

Figure 24A shows a process step of
5> manufacturing method of a liquid ejecting head
according to the present invention.

Figure 24B shows another process step of
manufacturing method of a liquid ejecting head
according to the present invention.

10 Figure 24C shows é further process step of
manufacturing method of a liquid ejecting head
according to the present invention.

Figure 24D shows a further process step of
manufacturing method of a liquid ejecting head

15 according to the present invention.

Figure 24E shows a further process step of
manufacturing method of a liquid ejecting head
according to the present invention.

Figure 25A schematically shows a process step

20 for manufacturing a grooved member usable with a
liquid ejecting head of the present invéntion.

Figure 25B schematically shows a process step
for manufacturing a grooved member usable with a
liquid ejecting head of the present invention.

25 Figure 25C schematically shows a process step
for manufacturing a grooved member usable with a

liquid ejecting head of the present invention.



stabl e growth of the bubble and the stable ejection property of the Iliquid
dropl et during continuous |iquid ejections, thus acconplishing high speed
20 recording and high imge quality recording. By using the |iquid which
is easy to generate the bubble and which does not easily produce

accumul ated material such as cogation in2bhe Iiquid ejecting head in the
two-flow path structure, the 25 [latitude of the selection of the ejection
liquid is increased. Additionally liquid which is relatively influenced by
heat is usable w thout_the influence According to the manufacturing

net hod of the |iquid efégPFﬁgzﬁgaﬁcﬁ?mﬁﬁécﬁiEXeﬁPOWﬁvénPFéﬁeS§u§ﬁeP|qU|d

ej ecting headfogaﬁ gufgc ufactured mnth recision, wth smaller nunber

of parts at | oW c02 uring a ﬁr@gﬂﬁ |H§§H%FOW15P0§|desa
recording sysiggyo§ éﬁ&H{Qngjﬁ&éh”&deMéCSI&ééﬂth{ggenkfgﬁlOn efficiency.

Figure 25E schematically shows a process step
5 for manufacturing a grooved member usable with a
liquid ejecting head of the present invention.

Figure 26A shows a process step of another
embodiment of a manufacturing method of a liguid
ejecting head of the present invention.

10 | Figure 26B shows a process step of the
embodiment of a manufacturing method of a liquid
ejecting head of the present invention.

Figure 26C shows a process step of the
embodiment of a manufacturing method of a liquid

15 ejecting head of the present invention.

Figure 26D shows a process step of the
embodiment of a manufacturing method of a liquid
ejecting head of the present invention.

Figure 26E shows a process step of the

20 embodiment of a manufacturing method of a liquid
ejecting head of the present invention.-

Figure 27A shows a process step of another
embodiment of a manufacturing method of a liquid
ejecting head of the present invention.

25 Figure 27B shows a process step of the
embodiment of a manufacturing method of a liquid

ejecting head of the present invention.



According to the present invention, the head can be reused. 10

These and ot her objects, features and advantages of the present invention
wi || becone nore apparent upon a consideration of the follow ng description
of the preferred enbodi nents of the present invention taken in conjunction
with the 15 acconpanying draw ngs. BRI ERSDESCRI PTI ON OF THE DRAW NGS
Figure 1 is a schematic sectional view of a major part of a liquid ejecting
head according to an 20 enbodinent. Figure 2 is a partial schematic partly

br oken perspective view.of a ggjor, part of a liquid ejecting head according
to an enbodi nent of thgagpﬁgeg?biﬁegﬁfianprg esd'ste 8 ﬁﬁgure 3Ais a

schematic sectignal ubewl LURLEAELRG. LAY floehsn! banasaksal 2 i aquid
j ecting head according o an enbodrl nmen f The
ejecting head of the present invention.
Figure 27D shows a process step of the
"5 embodiment of a manufacturing method of a liquid
ejecting head of the present invention.

Figure 27E shows a process step of the
embodiment of a manufacturing method of a liquid
ejecting head of the present invention.

10 Figure 28 is an exploded perspective view of
a liquid ejection head cartridge according to another
embodiment of the present invention.

Figure 29 is a schematic perspective view of
a liquid ejecting device according to another

15 embodiment of the present invention.

Figure 30 is a block diagram of an example
ligquid ejecting device.

Figure 31 is a perspective view of example of
a2 liguid ejection recording system.

20 Figure 32 is a schematic view of an example

of a liquid ejecting head kit.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to the accompanying drawings, the
25 embodiments of the present invention will be
described.

(Embodiment 1)



-19- present invention. Figure 3B is a schematic sectional view
Illustrating liquid ejection state of a liquid ejecting head according to
t he enbodi nent of the 5 present invention. Figure 3Cis a schematic

sectional view illustrating liquid ejection state of a liquid ejecting head
according to the enbodi nent of the presé%?‘invention. 10 Fi gure
3D is a schematic sectional viewillustrating liquid ejection state of a

liquid ejecting head according to the enbodi nent of the present invention.
cj ct i ng head accor di TG rt b A TP 1 TR ERE RV TP Fi gure s
2o SEhet e SEoUA QI Sl I YA £ b BASRLLED hesc
of the present invention. Figure 2 is a Figure 2 is
a partly broken schematic partial view of the liquid
5 ejecting head of Figure 1.
The liquid ejecting head of this embodiment
is a so-called side shooter type head, wherein the
ejection outlet 11 is faced substéntially parallel to
a heat generation surface of the heat generating
10 element 2. The heat genefating element 2 has a size
of 48 ym x 46 pym and is in the form of a heat
Qenerating resistor. It is mounted on a substrate 1,
and generates thermal energy used to generate a bubble
by film boiling of liquid as disclosed in USP
15, 4,723,129. The ejection outlet 11 is formed in an
orifice plate 14 which is an ejection outlet portion
material. The orifice plate 14 is manufactured from
nickel through electro-forming.
A liquid flow path 3b is provision between
20 the orifice plate 14 and the substrate 1 so that it is
directly in fluid communication with thé ejection
outlet 11 to flow the liquid therethrough. In this
embodiment, water base ink (mixture liquid of water
and ethanol) as liquid to be ejected.
25 The liquid flow path 3b is provided with a
movable portion.G in the form of a flat plate

cantilever so as to cover the heat generating element



20 Figure 6 is a partly broken schematic perspective view of a
maj or part of a liquid ejecting head according to an enbodi nent of the
present invention. Figure 7 is a schematic sectional view of a 25 nmjor
part of a liquid ejecting head according to an enbodi nent of the present
invention. Figure 8 is a partially broked8schematic -20- perspective
view of a liquid ejection head according to an enbodi nent of the present

i nvention. Figure 9A is a schematic top plan view of a heat generating

el enent and vabl e gortion_or t he | ke used in a liquid ejectigg head

[

according to an® ﬁbB_ hRfe bF‘thgeﬁgeLE F_WHVgHFFOHPrFFSBrQSQBaF% _
the 11 ke usea Faogelpqlipfoef st RydraBkabuBcparRatHo0 ne PosTRiBaBA !l On O
adjacent an upward projection space of the heat
generation surface in a direction perpendicular to the
5 heat generation surface of the heat generating element
2. The movable portion 6 is of elastic material such
as metal. In this embodiment, it is of nickel having
a thickness of 5 mm. An one end 5a of the movable
portion 6 is supported and fixed on a supporting

10 member 5b. The supporting member 5b is formed by
patterning photosensitive resin material on the
substrate 1. Between the movable portion 6 and the
heat generating surface, this is provided a clearance
of approx. 15 nm.

15 Reference numeral 15a designates a wall
member as an opposing member opposed to such a surface
of the movable portion 6 as is nearer to the heat
generation surface when the movable portion 6 is
opened. The wall member 15a and a free end 6a of the

20 movable portion 6 are opposed to each other with a gap
therebetween of approx. 2 mam in the forﬁ of a slit 8.
The movable portion 6 has a fixed end (fulcrum) at an
upstream side with respect to the flow of the liquid
from a common liquid chamber to the ejection outlet 11

25 through the supprly passage 4b and the movable portion
6, and has a free end 6a at the downstream side. The

fixed end 6b functions as a base portion (fulcrum)



10 enbodi rent of the present invention. Figure 9Cis a schematic top plan
vi ew of “a heat generating el enent and novabl e portion or the like used in a
liquid ejecting head according to the enbodi nent of the present invention.
15 Figure 10A is a schematic sectional viewillustrating liquid
ejection state of a liquid ejecting head28ccording to an enbodi nent of the
present invention. Figure 10B is a schematic sectional view 20

illustrating liquid ejection state of a liquid ejecting head according to

t he enbodi nent of the gresent i nventi on. Figure 1 is a schematic

sectional vi e®PPP| GBERARENGT| FHGI BOEPRLEI BRTEEQPO0f a liquid 25 ejecting

head according to the eubod;gent;,gh; bGP 838 51108 s RarFoBire 10D is 2
schemati c sectional vié&w

enough to prevent the bubble from expandihg.
therethrough before the movable portion 6 displaces.
5 Thus, it is formed around the movable portion 6 but
provides substantial sealed structure. At least fhe
free end 6a of the movable portion 6 is disposed
within a region to which the pressure due to the
"bubble extends. 1In Figure 1, "A" designates an upper
10 side region (ejection outlet side) of the movable
portion 6 in a stable state, and "B" designates a
lower side (heat generating element side) region.
When heat is generated at the heat generation
surface of the heat generating element 2, and a bubble
15  is generated in the region B, the free end 6a of the
movable portion 6 is instantaneously moved in the
direction of the arrow in Figure 1 namely toward the
region A with the base portion 6b functioning as a
fulcrum by the pressure resulting from the generation
20 and growth of the bubble and by the expanding bubble
per se. By this, the liguid is ejected-out through
the ejection outlet 11.
In Figure 2, reference numeral 18 designates
wiring electrode for applying an electric signal to
25 the heat generating element 2 which is an
electrothermal transducer, and it is mounted on the

substrate 1.



-21- illustrating liquid ejection state of a liquid ejecting head accordi ng
to the enbodi nent of the present invention. Figure 11A is a schematic
sectional view 5 illustrating pressure propagation froma bubbl e produced
in aliquid ejecting head according to an enbodi nent of the present

I nvention. Figure 11B is a schematic set$Ponal view illustrating pressure
propagation froma bubble in a 10 conventional liquid ejecting head. Figure
12 is a schematic sectional view of a major part of a liquid ejecting head

according to an enbodl nt . of the prese |nvent ure
schemati ¢ secti onal eﬂﬁfﬁfﬁ%F% tW%.légﬂ ?ca?dbgd?%ﬁc %%%/of a

schemat |
Fi gure ié%"f'é%%eﬁf’"c ef?fif%’r%ééé?l.f%“f&v? LS heda 2EFoRRER 0 " o0 oo
view of a | i ouifk elRssdiiterd. NoRty@EEOT SA N 41 she sohedhEEst of the

pr esent
sectional views illustrating ejecting operation of the

5 liqguid ejecting head according to this embodiment. 1In
Figure 3A - 3D, supporting member 5b is omitted for
simplicity.

Figure 3A shows a state in which the heat
generating element 2 has not vet been supplied with

10 energy such as electric energy, namely, in which the
heat generating element.has not vet generated the
heat (initial state). As shown Figure 3A, the f:ee
end 6a is opposed to the slit 8 of a predetermined
size.

15 i Figure 3B shows a state in which the heat
generating element 2 is supplied with the electric
energy or the like to generate the heat, which
produces a bubble 7 by film boiling, and the bubble is
growing. The pressure resulting from the generatiop

20 of the bubble and the growth thereof is mainly
propagated to the movable portion 6. Tﬁe mechanical
displacement of the movable portion 6 is contributable
to the ejection of the ejection liquid from the
ejection outlet.

25 Figure 3C shows a state in which the bubble 7
has further grown. As will be understood, the movable

portion 6 is further displaced toward the ejection



i nvention. Figure 14A is a schematic sectional viewillustrating liquid
ejection state in a liquid ejecting head according to an enbodi nent of the
25 present invention. Figure 14B is a schematic sectional view illustrating
liquid ejection state in a liquid 22-.ejecting head according to the
enbodi nent of the present invention. Fiﬁa}é 15A is a schematic sectional
view and a partial schematic top plan view of a liquid ejecting 5 head
according to an enbodi ment of the present invention. Figure 15B is a

schematic sectippal xigﬂlgﬂghgrgﬁ% -1 §ﬁge§@%hget9p pb?nﬁ%éeM/of aliquid

ej ecting head according to odinent o e presen I nventi on.
displacement of the movable portion 6, the ejection

outlet side region A and the heat generating element
side region B are in much freer communication with

5 each other than the initial state. In this state, the
fluid communication path between the heat generation
surface and the ejection outlet is choked to a proper
extent by the movable portion 6 so as to concentrate
the force of the bubble expansion toward the ejection

10 outlet. 1In this manner, the pressure wave resulting
from the growth of the bubble is transmitted
concentratedly in the upward direction. By such
direct propagation of the pressure wave and the
mechanical displacement of the movable portion 6

15 described in conjunction with Figure 4B, the ejection
liqguid is ejected at high speed and with high ejection
power and further with high ejection efficiency
through the ejection outlet 11 in the form of a
droplet lla (Figure 3D).

20 In Figure 3C, a part of the bubble generated
at the heat generating element side region B extends
to the ejection outlet side region A. The ejection
power can be further increased if the clearance from
the surface of the substrate 1 or the heat generation

25 surface of the heat generating element 2 to the
movable portion 6 is so selected as to permit the

bubble to extend into the ejection outlet side region



Figure 16A is a schematic sectional viewillustrating a major part of a
liquid ejecting head according to an enbodi nent of the present invention.
Figure 16B is a schematic sectional view 15 illustrating a major part of a
liquid ejecting head according to the enpodi nent of the present invention.
Figure 17 is partial schematic perspectT%%’vieM/of an enbodi nrent of the
present invention. Figure 18 is an is a partial schematic 20 perspective
view of a liquid ejecting head according to an enbodi nent of the present
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movable portion 6, it is desirable that the height of

the heat generating element side region B is smaller

5 than the height of the maximum bubble state, more
particularly several pm - 30 pm.
Figure 3D shows a state in which the bubble 7

is collapsing by the decrease of the inside pressure.

The movable portion 6 restores its initial position by

10 the negative pressure resulting from the contraction
of the bubble and the restoring force due to the
spring property of the movable portion per se. Wifh
this, the liquid flow path 3b is quickly supplied with
the amount of the liquid ejected out. In the liquid

15 flow path 3b, there is hardly any influence of the
back wave due to the bubble, and liquid supply is
carried out concurrently with the closing of the
movable portion 6, and therefore, the liquid supply is
not obstructed by the movable portion.

20 The description will be made as to refilling
of the ligquid in the ligquid ejecting heéd of this
embodiment.

When the bubble 7 is in the collapsing
process after the maximum volume thereof is reached,

25 the volume of the liquid compensating for the
disappeared bubble volume flows both from the ejection

outlet 11 side and the liquid flow path 3b side. The



novabl e portion usable in the liquid ejecting head of the present

i nvention. Figure 19Cis a schematic top plan view illustrating a further
exanple of a configuration of 5 the novable portion usable in the liquid
ej ecting head of the present invention. Figure 20 is a schematic top plan

view illustrating exanple of a novable péPtion usable with a liquid
ej ecting head of the present invention. 10 Figure 21Ais a
schematic top plan view illustrating an exanple of a configuration of a

bl [ f I gui d. e [ d_of the, ' ion. Fi
Toua e Por L gl ook AkCnGhETR B0 BFASuBhat RiBRCIBMEPHILEL) O PO
fi ti ' f.a.Liqui I+ ' h f th t
cont 12U on 8 RYAE) oBREbAOEng' Rk, B Eckynashead of e preser

exanpl e of a GopLLour BbEEIoRT 621 20wV aRheLARE! bENtRE Fokk@Uidas) eCting
head of the present inhvention.

{heat generating element side) is movable portion

5 (W1l+W2=W). When the movable portion 6 restores its
initial position, the retraction of the meniscus at
the ejection outlet for compensating a part of Wl
stops, thereafter, the compensation for the remaining
W2 is mainly effected by the liquid supply between the

10 movable portion 6 and the heat generation surface. By
this, the retraction of the meniscus at the ejection
outlet can be reduced.

In this embodiment, the compensation of the

.volume W2 can be forcedly effected mainly through the

15 ligquid flow path 3b along the heat generation surface
of the heat generating element; using the pressure
change upon the collapse of bubble, and therefore, the
quicker refilling is possible. In the case that the
refilling is effected using the pressure upon the

20 collapse of bubble in a conventional head, the
vibration of the meniscus is large with-the result of
the deterioration of the image qguality, but in this
embodiment, the vibration of the meniscus can be
minimized since the communication between the ejection

25 outlet side region A and the heat generating element

side region B is suppressed. By this, the improvement

of the image quality and the high speed recording are



Figure 22A is a schematic sectional viewillustrating an exanple of a
substrate of a liquid ejecting head of the present invention. 25

Figure 22B is a schematic sectional viewillustrating an exanple of a
substrate of a liquid ejecting head of the present invention. - 24-
Figure 23 is a graph show ng an exawM<?3ﬁ‘a.driving pul se applied to a

| iquid ejecting head of the present invention. Figure 24A shows a process
step of 5 manufacturing nethod of a liquid ejecting head according to the
present invention. Fjgure 24B shows anot her process step of manufacturing
met hod of alqﬁﬂﬂQf ‘ecting head according to the present invention. 10

Fi gure 24C shows a furit&ersﬂf%cceessbfst&pe OJuﬂM@tluri@g nmethod of a liquid

ej ecting head
substantially flush with the heat generation surface

of the heat generating element 2, that is, the heat

S generating element surface is not stepped down. 1In
such a case, the supply of the liquid to the region B
occurs along the surface of the substrate 1.
Therefore, the stagnation of the ligquid on the heat
generation surface of the heat generating element 2 is

10 suppressed, and the precipitated bubble resulting from
the dissolved gasses or the residual bubble having not
collapsed, are removed, and the heat accumulation in
the liquid is not too much. Therefore, more
stabilized generation of the bubble can be repeated at

15 high speed. In this embodiment, the surface of the
substrate 1 is of flat inner wall, but this is not
limiting if the inner wall has such a smooth surface
that the liquid does not stagnate and that an eddy
flow does not occur in the liquid.

20 (Embodiment 2)

Figure 4 is a schematic sectioﬁal view of a
major part of another embodiment of the liguid
ejecting head of the present invention, In Figure 4,

- supporting member 5b is omitted for simplicity.
25 This embodiment is different from Embodiment
1 in that the movable portion 6 is thin to provide

higher flexibility. By this, as shown in Figure 4 by



according to the present invention. Figure 24D shows a further process step
of manufacturing nethod of a liquid ejecting head 15 according to the
present invention. Figure 24E shows a further process step of nanufacturing
met hod of a liquid ejecting head according to the present invention. Figure
25A schematically shows a process step 246-for manufacturing a grooved
menber usable with a liquid ejecting head of the present invention. Figure
25B schematically shows a process step for manufacturing a grooved nenber
usable with a liquid ejecting head -of the present invention.

Fi gure 25C scihamtiQiad L inipwsthe moadte S GuhiRlacnd ﬁgﬁ_’a gr ooved
rerber ysabl ot (e S Mg hed O NGB SRIAGV MRS 25
. 11. If the movable portion is flexible, the movable

portion can be deflected to a great extent even with

5 relatively low bubble generation pressure, so that the
bubble generation pressure can be further efficiently
directed to the ejection outlet. In this embodiment,
too, a high ejection power and high ejection
efficiency liquid ejecting head is provided.

10 (Embodiment 3)

Figure 5 is a schematic sectional view of a

major part of another embodiment. Figure 6 is a
partial schematic partly broken perspective view of é
liquid ejecting head shown in Figure 5. The movable

15 portion 6 of the head of this embodiment is not of a
single structure but has a couple structure. The
pressure of the bubble displaces a pair of movable
portions 6 to permit the pressure to transmit toward
the ejection outlet 11 disposed above the movable

20 portion 6. One of the movable portions 6 function as
the movable member and the on the other-hand functions
as an opposing member, so that the bubble generation
pressure is efficiently directed toward the ejection
outlet. In this embodiment, tbo, a high ejection

25 power and high ejection efficiency liquid ejecting
head is provided.

(Embodiment 4)



for manufacturing a grooved nenber usable with a liquid ejecting head of
the present invention. Figure 25E schematically shows a process step 5 for
manuf acturi ng a grooved nenber usable with a liquid ejecting head of the
present invention. Figure 26A shows a prqcess step of another enbodi nent of
a manufacturing nethod of a liquid ejecrﬁﬁg head of the present invention.
10 Fi gure 26B shows a process step of the enbodi nent of a

manuf acturing method of a liquid ejecting head of the present invention.

Figure 26C shows a pr o.ﬁ%%r%t gpfigz ;é)hgsegb%@h%tti@‘ cq:or%n_ge%ctt. %%rlg met hod

of aliquid 15 ejecting~héad o resent I nvention. gure shows a

process step Qf ' t ; ' fgygﬂgk N
ej ecting head?%?h?%geEPEggﬁg%iﬁ@%ﬁ?ﬁgﬁpq%ﬁgigg?%% shows g%g?ﬁ%gg%hgtep of
the 20 enbodpferheobrasERRUlAGERL I BG .TEeFIQh@f 82 ild WeHbmRiteel i ng head of

the present invention. Figure 27A shows a process step of another
portion partly broken perspective view of a liquid

5 ejecting head of Figure 7.

The liquid ejecting head of this embodiment
is a side shooter type head wherein the heat
generating element 2 is faced to the ejection outlet
11. The heat generating element 2 has a size of

10 48 pm x 46 pm and is in the form of a heat generating
resistor. It is mounted on a substrate 1, and
generates thermal energy used to generate a bubble by
film boiling of liquid as disclosed in USP 4,723,129.
The ejection outlet 11 is provided in an orifice plate

15 14 which is an ejection outlet portion material. The
orifice plate 14 ié of nickel and manufactured through
electro-forming.

A first liquid flow path 3 is provided below
the orifice plate 14 so that it is directly in fluid

20 communication with the ejection'outlet 11. On the
other hand, on the substrate 1, a seconé liquid flow
path 4 is provision for the flow of the bubble
generation liquid. Between the first liquid flow
path 3 and the second liquid flow path 4, a partition

25 or separation wall 5 for separating the liquid flow
paths is provided. The separation wall 5 is of

elastic material such as metal. In this embodiment,



enbodi nent of a manufacturing nmethod of a liquid ejecting head of the
present invention. 25 Figure 27B shows a process step of the
enbodi mrent of a manufacturing nethod of a liquid ejecting head of the
present invention. -26- Figure 27C shgms a process step of the

enbodi nent of a manufacturing nmethod of™ 7Tiquid ej ecting head of the
present invention. Figure 27D shows a process step of the 5 enbodi nent of a
manuf acturing method of a liquid ejecting head of the present invention.

Floure. 27 SNy SepLAcess, ke o L0 LTRAIIP YL olng SRph BkheSng et hod

of a liquid ejectl resent 1 nvention. Fi gure 28

I's an expl odegl pﬁ&@?“i‘ﬂé’,é’éﬁé{‘f&éi@n'rb&&d ds &4 £64 + Qe dChle CESLEL 08

according to anot her enbodi nent of the present 1 nventi on.

' liquid in first liquid flow path 3 and the bubble
generation liquid in the second liquid flow path 4.

5 The ejection ligquid is supplied to the first
liquid flow path 3 through the first supply passage
12a from the first common liquid chamber 12 containing
the ejection liguid. The bubble generation liquid is
supplied to the second liguid flow path 4 through the

10 second supply passage 13a from the second common
liquid chamber 13 containing the bubble generation
liquid. The first common liquid chamber 12 and the
second common ligquid chamber 13 are separated by a
partition la. In this embodiment, the ejection liquid

15 supplied to the first liquid flow path 3 and the
bubble generation liquid supplied to the second liquid
flow path 4 are both water base ink (mixed liquid of
ethanol and water).

The separation wall 5 is disposed adjacent

20 the portion of the projected space of the heat
generation surface of the. heat generatiﬁg element 2
perpendicular to the heat generation surface, and has
a pair of movable portions 6 of flat plate cantilever
configuration, one of which is a movable member and

25 the other is an opposing member opposed to the movable
member. The movable portion 6 and the heat generating

surface a disposed with a clearance of 15 pm approx.



Figure 29 is a schematic perspective view of a liquid ejecting device
according to another 15 enbodi nent of the present invention. Figure 30 is a
bl ock di agram of an exanple liquid ejecting device. Figure 31 is a
perspective view of exanple of a liquid ebection recordi ng system 20
Figure 32 is a schematic. view of an exa € of aliquid ejecting head kit.
DESCRI PTI ON OF THE PREFERRED EVMBODI MENT Referring to the acconpanyi ng

drawi ngs, the 25 enbodinents of the present invention will be described.

(o ot Mo, 56 eBhFE R O Puf BEDBATR. e Po0R e PR hB L oo
Figure 2 is acfi gytf Sthér with a gap of approx. 2 pm (slit 8).
Designated by 6b is a base portion functioning as a
base portion upon opening of the movable portions 6.

5 Slit 8 is formed in a plane including a line
connecting a center portion of the heat generating
element 2 and the center portion of the ejection
outlet 11. In this embodiment, the slit 8 is so
narrow that the bubble does not extend through the

10 slit 8 around the movable portions 6 before the
movable portion 6 is displaced, when the bubble
growths. At least the free end 6a of the_movable
portion 6 is disposed within a region to which the
pressure due to the bubble extends. In Figure 7, "A"

15 designates an upper side region{ejection outlet side)
of the movable portion 6 in a stable state, and "B"
designates a lower side(heat generating element side)
region. |

When heat is generated at the heat generation

20 surface of the heat generating element 2, and a bubble
is generated in the region B, the free énd 6a of the
movable portion 6 is instantaneously moved in the
direction of the arrow in Figure 1 namely toward the
region A with the base portion 6b functioning as a

25 fulérum by the pressure resulting from the generation

and growth of the bubble and by the expanding bubble

per se. By this, the liquid is ejected out through



a partly broken schematic partial view of the liquid 5 ejecting head of
Figure 1. The liquid ejecting head of this enbodinment is a so-called side
shooter type head, wherein the ejection outlet 11 is faced substantially
parallel to a heat generation surface of the heat generating 10 el enment 2.
The heat generating element 2 has a si ze 3% 48 pmx 46 [errlmand is in the
formof a heat generating resistor. It is nounted on a substrate 1, and
generates thernmal energy used to generate a bubble by filmboiling of

liquid as dis%%%§%g i%i P 1%1 %,éa3,129. The ejection outlet 11 is forned
in an orifice afd F i O §ta éj ection outlet portion material. The

O 5P pai . o [ oBURAEHANE b RANAEld U R GOV N
SUPTLL LS "Rt s g gEtbal sl bRy el honide | 1e o ot on
ink (mxture lgiguiad @b WheehedRd genaadlingAaelldntinitd X eHivIe]iectaed.
5 electrothermal transducer mounted on the substrate 1.
The description will be made as to the
positional relation between the movable portion 6 and
the second liquid flow path 4 in this embodiment.
Figure 9A is a schematic top plan view of the movable
10 portion 6 as seen from the orifice plate 14 side.
Figure 9B is a schematic top plén view of the bottom
portion of the second liquid flow path 4, as seen from
the separation wall 5 side. Figure 9C is a schematic
top plan view of the movable portion 6 through the
15 second liquid flow path 4, as seen from the orifice
plate 14 side. In these Figures, the front side of
the sheet of the drawing is an ejection outlet 11
side.
In this embodiment, throat portions 9 are
20 formed on both sides of the heat generating element 2
in the second ligquid flow path 4. By the throat
portions 9, the adjacent region of the heat generating
element 2 of the second liquid flow path 4 has a
chamber (bubble generation chamber) structure such
25 that escape of the pressure upon the bubble generation
along the second liguid flow path 4 is suppressed.

When a throat portion is provided in the



25

The liquid flow path 3b is provided with a novable po

rtion 6

in the formof a flat plate cantilever so as to cover the heat generating

el enent

-28- 2 and to face it. Here, the novable portion is cal

“novabl e menmber”. The novable portion 6 is positioned adjacent an u
proj ection space of the heat generation-48rface in a direction

perpendi cular to the 5 heat generation surface of the heat generating
el enent 2. The novabl e portion 6 is of elastic material such as net
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should not be too small in view of the refilling
property of the ligquid to be ejected. However, in
this embodiment, most of the ejected liquid is the
ejection liguid in the first liquid flow path, and the
bubble generation liquid in the second liquid flow
path having the heat generating element is not ejected
so much, and therefore, the filling of the bubble
generation liquid into the region B of the second
liquid flow path may relatively small. Therefore, the
clearance of the flow passage wall in the throat
portion 9 may be very narrow, such as several um. By
this, the pressure upon the bubble generation
generated in the second ligquid flow path 4 can be
directed concentratedly toward the movable portion 6
without escape to the circumference. Such pressure
can be used as the ejection power through the movable
portion 6, and therefore, further high ejection
efficiency and ejection power can be aceomplished.

The description will be made as to the
ejecting operation of the liquid ejecting head in this
embodiment. ¥Figure 10A - Figure 10D are schematic
sectional views of the liquid ejecting head
illustrating the ejecting operation in this

embodiment. In this embodiment, the ejection liquid



15 Ref erence nuneral 15a designates a wall nenber as an opposing
menber opposed to such a surface of the novable portion 6 as is nearer to
t he heat generation surface when the novable portion 6 is opened. The wall
menber 15a and a free end 6a of the 20 npovable portion 6 are opposed to
each other wwth a gap therebetween of aﬁ%kbx. 2 pmin the formof a slit 8.
The novabl e portion 6 has a fixed end (fulcrum at an upstreamside with
respect to the flow of the liquid froma comon |iquid chanber to the

ej ection outlet .11 2 t.hr h e Ssupnl S 4 the V. e
pJort ion 6, arF r?;es sé‘l%prlé%é;n é:g&atﬁttiﬁs& )golp\/ﬁgﬁd;lg%rﬁtgi%&%eaﬁx@gé end 6b
functions as ;3 §33¢ g%&{)édea%c{rf ‘i'tlﬁ;'edafsl? to 85e29s'u;5tPPiéc?p€6“ ofeddigg Movabl e

portion 6. In thi's enbodi nent, I s narrow enough to prevent the

bubbl e from @xRARE N Jh PRI OUEHYPAIHY & dnlte WP BadOrihpn 6 di spl aces.

Figure 10A shows a state before the energy

5 such as the electric energy is applied to the heat
generating element 2, namely, the initial state before
the heat generating element generates heat. As shown
in Figure 10A, the free ends 6a of the separation
walls 5 above the heat generatihg element 2, are faced

10 to each other through a slit 8 to separate the
ejection liquid in the first liquid flow path 3 and
the bubble generation liquid in the second liquid flow
path 4.

Figure 10B shows a state in which the heat

15 generating element 2 is supplied with the electric
energy or the like, and the heat generating element 2
generate the heat which produces film boiling in the
liquid so that the bubble 7 is genérated and is
expanded. The pressure resulting from the generation

20 and the growth of the bubble is mainly propagated to
the movable portion 6. The mechanical éisplacement of
the movable portion 6 is contributable to the ejection
of the ejection liquid from the ejection outlet.

Figure 10C shows a state wherein the bubble 7

25 has further grown. With the growth of the bubble 7,

the movable portion 6 is further displaced toward the

first liquid flow path 3 side with its base portion 6b



5 Thus, it is fornmed around the novable portion 6 but provides substanti al
seal ed structure. At least the free end 6a of the novable portion 6 is

di sposed within a region to which the pressure due to the bubbl e extends.
In Figure 1, "A" designates an upper 10 §%£§ region (ejection outlet side)
of the novable portion 6 in a stable stat& and "B" designates a | ower side
(heat generating el enment side) region. Wien heat is generated at the heat
generation surface of the heat generating elenent 2, and a bubble 15 is

gener at ed i 1t ly0rhd ad NI S bPAIL §1EENGHLR: TOF D © S

I nst ant aneously noved 1 n the rection o e arrow In Figure 1 nanely

toward the regidrarleVMgdrtith Rsecmorti S 60 (W et 05 P Bs R dad crum by
the pressure resulting fromthe generation 20 and grow h of- t he bubble and

by the expandiyige v perqueiel Hov Bth theadd gin ilsstahestd fuiid hr ough
the ejection outlet 11. In Figure 2, reference nuneral 18 designates wring
el ectrode for cappiunicptaioelvwictl icach gidiet 0 Zn ttei destatgenetrisd i ng el enent
2 whieh ISsanfluid communication path between the heat generation
surface and the ejection outlet is choked to a proper
extent by the movable portion 6 so as to concentrate
the force of the bubble expansion toward the ejection
outlet. In this manner, the pressure wave produced by
10 the growth of the bubble is concentratedly transmitted
right upward toward the ejection outlet 11 in fluid
communication with the first liquid flow path 3. By
the direct propagation of the pressure wave and the
mechanical displacement of the movable portion 6
15 described in conjunction with Figure 10B, the ejection
ligquid is ejected through the ejection outlet 11 at
high speed and with high ejection power and with high
ejection efficiency as a droplet 1la (Figure 10D).
In Figure 10C, with the displacement of the
20 movable portion 6 to the first liquid flow path 3
side, a part of the bubble generated af'the region B
in the second liquid flow path 4 extends into the
first liquid flow path 3 side. Thus, the height of
the second liquid flow path 4 (a clearance from the
25 surface of the substrate 1 or the heat generating

surface of the heat generating element 2 to the

movable portion 6) is such that the bubble extending



el ectrothermal transducer, and it is nounted on the substrate 1. - 30-

The description wll be made as to ejecting operation of the liquid
ej ecting head according to this enbodi nent. Figures 3A - 3D are schematic
sectional views illustrating ejecting operation of the 5 liquid ejecting

head according to this enbodinment. In Figture 3A - 3D, supporting nmenber 5b
Is omtted for sinplicity. Figure 3A shows a state in which the heat
generating el enent 2 has not yet been supplied with 10 energy such as

e T ol AP Hrat LSl Ul o UL IR, s ol et
opposed t0 thejslifod Mlwér HELIBI S HBRNCnStdFed 15 In order toFigure 3B
shows a state’n I ch the heat
extend the bubble into the first liquid flow path 3,
it is desirable the height of the second liguid flow
5 path 4 is made smaller than the height of the haximum
bubble, for example, several pnm - 30 pm.
Figure 10D shows a state in which the bubble
7 is collapsing by the decrease of the inside
pressure. The movable portion 6 restores its initial

10 position by the negative pressure resulting from the
contraction of the bubble and the restoring force due
to the spring property of the movable portion per se.
With this, the first liquid flow path 3 is quickly
supplied with the amount of the liquid ejected out.

15 In the first liquid flow path 3, there is hardly any
influence of the back wave due to the bubble, and
liquid supply is carried out concurrently with the
closing of the movable portion 6, and therefore, the
ligquid supply is not obstructed by the movable

20 portion. Accordingly, the inside in the Figure 10D
is not pressure so much, and therefore,.a small amount
of decrease is enough.

The description will be made as to the
refilling of the liguid in the liquid ejecting head

25 according to this embodiment.

When the bubble 7 is in the bubble collapse

prrocess after the maximum volume thereof, the volume



generating element 2 is supplied wwth the electric energy or the like to
generate the heat, which produces a bubble 7 by filmboiling, and the
bubbl e is growing. The pressure resulting fromthe generation 20 of the
bubbl e- and the growth thereof is nmainly propagated to the novabl e portion
6. The nechani cal displacenment of the nvﬁhble portion 6 is contributable to
the ejection of the ejection liquid fromthe ejection outlet. 25

Figure 3C shows a state in which the bubble 7 has further growm. As will be

0%, e LA e ) TR A T
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generati ng el errent” side regl on are 1n H-'\JC%]TI’GGI’ contrunt cation with 5
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second liquid flow path 4. The volume of the bubble

5 at the upper side (ejection outlet side) beyond the
initial position of the movable portion 6 is Wl, and
that of the lower side (heat generating element side)
is movable portion (W1l+W2=W). When the movable portion
6 restores its initial position, the retraction of the

10 meniscus at the ejection outlet for compensating a
part of Wl stops, thereafter, the compensation for the
remaining W2 is mainly effected by the liquid supply
in the second liquid flow path 4. By this, the degree
of retraction of the meniscus in the ejection outlet,

15 can be suppressed.

In this embodiment, the compensation of the
volume W2 can be forcedly effected mainly through the
second liquid flow path along the heat generation
surface of the heat generating element, using the

20 pressure change upon the collapse of bubble, and
therefore, the quicker refilling is poséible. In the
case that the refilling is effected using the pressure
upon the collapse of bubble in a conventional head,
the vibration of the meniscus is large with the result

25 of the deterioration of the image quality, but in this
embodiment, the vibration of the meniscus can be

minimized since the communication between the region



fluid conmmunication path between the heat generation surface and the
ejection outlet is choked to a proper extent by the novable portion 6 so as
to concentrate the force of the bubble expansion toward the ejection 10
outlet. In this manner, the pressure wave resulting fromthe growth of the
bubble is transmtted concentratedly i n~fRs upward direction. By such
direct propagation of the pressure wave and the nechani cal displ acenent of
t he novable portion 6 15 described in conjunction with Figure 4B, the
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increased if the clearance fromthe surface of the substrate 1 or the heat

generation 25theUinage Qhalbeyhend @Bechaghngpekanesdtozdifigt Aeenovabl e
portion 6 is so selected as to permt the
] 5 expected.

The surface of the substrate 1 is
substantially flush with the heat generation surface
of the heat generating element 2, that is, the heat
generating element surfacelis not stepped down. In

10 such a case, the supply of the liquid to the region B
occurs along the surface of the substrate 1.
Therefore, the stagnation of the liguid on the hgat
generation surface of the heat generating element 2 is
suppressed, and the precipitated bubble resulting from

15 the dissolved gasses or the residual bubble having not
collapsed, are removed, and the heat accumulation in
the ligquid is not too much. Therefore, more
stabilized generation of the bubble can be repeated at
high speed. In this embodiment, the surface of the

20 substrate 1 is of flat inner wall, bﬁt this is not
limiting if the inner wall has such a sﬁooth surface
that the liquid does not stagnate and that an eddy
flow does not occur in the ligquid.

The description will be made as to the

25 pressure propagation from the bubble in the liquid
ejecting head of this embodiment, as compared with a

conventional example. Figure 11A is a schematic



bubble to extend into the ejection outlet side region -32- A In order
‘to permt the bubble to extend toward the ejection outlet beyond the
initial position of the novable portion 6, it is desirable that the height
of the heat generating elenent side region Bis smaller 5 than the height
of the maxi mum bubbl e state, nore partic#barly several [err]m- 30 [err]m
Figure 3D shows a state inh which the bubble 7 is collapsing by the decrease
of the inside pressure. The novabl e portion 6 restores its initial position

by 10 th L resul ting f th tracti f the bubbl
and the rest of PG LPBRte YaLY L3LERET8hIPRGPAPBRUFE, P5PERRE SRR & or ti on

e e ol et BTeL el PR ydRelRauERH Kooty v (D Lhe
ih:”d' y any ingpugRGheRt.t NR1BAFK 19%C14US bRnbRSRHORLRt:13Rd)! AWM Ssupply
illustrating pressure propagation from the ﬁubble in
5 the liquid ejecting head of the conventional.

In a representative conventional head showed
in Figure 11B, there is not obstructing material
against the propagation of the pressure produced by
the bubble 7, in the propagation direction.

10 Therefore, the direction of the pressure propagation
of the bubble is widely scattered along the
substantially normal line direction of the surface of
the bubble, as indicated by V;-Vg. Among these
directions, the pressure component directed to the

15 ejection outlet which is most influential to the
liquid ejection, is Vg-Vg, namely, the pressure
propagation component close to the ejection outlet.
Particularly, V4 and Vg are closest to the ejection
outlet, so that they work efficiently for the liquid

20 ejection, but V3 and Vg have relatively small
component directed to the ejection outlét, Here, Vp
and Vg are the pressure propagation component in the
opposite direction along the liquid flow path.

In the case of this embodiment showed in

25 Figure 11A, the movable member 6 directs the pressure
propagation component V3-V6 of the bubble toward the

ejection outlet, and therefore, the pressure of the



carried out concurrently with the closing of the novable portion 6, and
therefore, the liquid supply is not obstructed by the novable portion. 20
The description will be made as to refilling of the liquid in the liquid
ej ecting head of this enbodi ment. Wien the bubble 7 is in the coll apsing
process after the maxi num vol une t her eof 4’5 reached, 25 the volunme of the
| i qui d conpensating for the disappeared bubble volune flows both fromthe
ejection outlet 11 side and the liquid flow path 3b side. The - 33-
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initial positron or the mov on a € | ower side

(heat ‘generat jag ggegtﬁe&tﬁgd%bwmmengb%ggg;eﬁbhoauh@él.+\/\%5\/\khi\éhen the

novabl e portion 6 reStores its initia on, the retraction of the
meni scus at  manner, the movable portion controls not only the

pressure propagation direction but also thé growth of

5 the bubble per se, so that the ejection efficiency.
ejection power, ejection speed and so on are
significantly ejection powered.

Here, Va3 and VBl are pressure components
along the first ligquid flow path in the opposite

10 directions from each other, and V and Vg are pressure
components along the second liquid flow path in the
opposite directions from each other. In this
embodiment, the movable portion 6'suppresses the back
wave, and therefore, Vp; and Vg; are smaller than in

15 the conventionél device. The bubble is directed
toﬁard the ejection outlet, and therefore, VA and VB
are smaller than in the conventional device. A&s a
result, Vp;+Vy and Vgy+Vg are smaller than V, and Vg
in the conventional device.

20 (Embodiment 5)

Figure 12 is a schematic sectibnal view of a
major part of a liquid ejecting head according to
another embodiment of the present invention. This
embodiment is different from Embodiment 4 in that the

25 movable portion 6 is thin to give higher flexibility.
By this, as shown in Figure 12 by the broken line, the

movable portion 6 displaced by the bubble is slightly



the ejection outlet for conpensating a part of WL stops, thereafter, the
conpensation for the remaining W2 is mainly effected by the liquid supply
between the 10 novable portion 6 and the heat generation surface. By
this, the retraction of the neniscus at the ejection outlet can be reduced.
In this enbodi nent, the conpensation of “#fe vol ume W2 can be forcedly
effected mainly through the 15 1liquid flow path 3b al ong the heat
generation surface of the heat generating el enent, using the pressure

h | bubbl d , LLh I ck filli '
posstbl o 1 n DRBECHRRBER EnerBIRFi Rl RY SIS et Tect 36 (eenBOTAEIT cssure.
. i ' d h I b ' f
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mnimzed since the communication between the ejection 25 outlet side
region A and phBbigagefieratabhnNgrekearal sbdena@dicde Bubbisuppressed. By

this, the inprovenent of the inage quality and the high speed recording are
5 generation pressure can be further efficiently
directed to the ejection outlet. In this embodiment,
too, a high ejection power and high ejection
efficiency liquid ejecting head is provided.
{Embodiment 6)

10 Figure 13A is a schematic sectiocnal view of a
major part of a liquid ejecting head of the present
invention according to a further embodiment. Figure
13B is a schematic top plan view of the movable
portion used in this embodiment, as seen from the

15 ejection outlet side. This embodiment is different
from Embodiment 4 in that a trench or pit type liquid
'passage 4a enclosed by walls in four sides is in place
of the second liquid flow path 4. In this embodiment,
after liquid ejection, the liquid is supplied into the

20 pit type liquid passage 4a mainly from the first
liguid flow path 3 through the opening éc in the
movable member 6. The size of the opening 6c will

- suffice if it permits flow of the ink without escaping
the bubble.

25 In this embodiment, the escape of the bubble
generation pressure toward upstream side along the

lower part of the movable portion 6. Furthermore,



-34- expected. The surface of the substrate 1 is substantially flush with
the heat generation surface of the heat generating elenent 2, that is, the
heat 5 generating el ement surface is not stepped down. In such a case, the
supply of the liquid to the region B occurs along the surface of the
substrate 1. Therefore, the stagnation e#Sthe liquid on the heat generation
surface of the heat generating elenent 2 is 10 suppressed, and the

preci pitated bubble resulting fromthe dissolved gasses or the residual

bubbl e having not col |l apsed, are_ renoved, and the heat accunulation in the
liquid is notuB?p Hhaehcollapse £ Pukhle st bae| apeunteft theohnbf tPhe bubbl e

can be repeated at_1 igh speed.. In this embodi nent, the surface of the
substrate 1 i%eoﬁe$+§}e$ng%r°6éﬁlFh%u?n?h?ng§sBB?H$Pﬁ1FPngh?f the inner
wal | has SLKﬁ%o SQQQéP éﬁEfoE type liquid passage, so that the
refilling amount may be small, and the high speed
5 responsivity can be accomplished. In this embodiment,
the high ejection power and high ejection efficiency
liguid ejecting head can. be prevented.
(Embodiment 7)
Figure 14A is a schematic sectional view of a
10 major part of a liquid ejecting head according to a
further embodiment of the present invention. The
movable portion 6 of the head of this embodiment is
not a dual type, but a single type. The first liquid
flow path 3 at the free end 6a side of the movable
15' portion 6 is closed by a wall 15a (opposing member
opposed to the movable member), so that the pressure
produced by the bubble expands toward the ejection
outlet 11 thereabove by deflection of the movable
portion 6. The movable portion 6 in this embodiment
20 is a single member, manufacturing is easy and latitude
in the designing is large. .
Figure 14B is a schematic sectional view
illustrating the generation, and so on., of the bubble
7 in the liquid ejecting head according to this
25 embodiment. As shown, in this Figure, a part of the
bubble generated in the region B of the second ligquid

flow path 4 expands into the first liguid flow path 3



that the liquid does not stagnate and that an eddy fl ow does not occur in
the liquid. 20 (Enbodinent 2) Figure 4 is a schematic sectional view of a
maj or part of another enbodi ment of the liquid ejecting head of the present
invention. In Figure 4, supporting nenber 5b is omtted for sinplicity. 25
This enbodiment is different from Enbodi®mt 1 in that the novabl e portion
6 is thin to provide higher flexibility. By this, as shown in Figure 4 by
-35- the broken line, the novable portion 6 displaced by the bubble is

lightly bent toward. t ct | tlet 11 If th bl.e. ion i
7l exi bl ¢, thE B A BOR FORPOATeREte o it TP S G cven i th

5 Lobal VLY b WL S UEF IS, TR RIS, Do
this enbodi "Bl gnt of the second liquid flow path 4 (a clearance
from the surface of the substrate 1 or the heat
.5 generating surface of the heat generating element 2 to
the movable portion 6) is such that the bubble
extending into the first liquid flow path 3 side, by
which the ejection power is further improved. In
order to extend the bubble into the first liquid flow
10 path 3, it is desirable the height of the second
liquid flow path 4 is made smaller than the height of
the maximum bubble, for example, several pm - 30_um.
In this embodiment, the high ejection power and high
ejection efficiency liquid ejecting head can be
15 prevented. |
{Embodiment 8)

Figure 15A is a schematic sectional view
illustrating major part of a liguid ejecting head
according to a further embodiment of the present

20 invention. Figure 15B is a schematic top plan view of
the movable portion of this embodiment,.as seen from
the ejection outlet side. This embodiment is
different from Embodiment 4 in that a pit type liquid
passage 4a enclosed by walls in four sides is in place

25 of the sécond ligquid flow path 4. In this embodiment,
after liquid ejection, the liquid is supplied into the

pit type liquid passage 4a mainly from the first



too, a high ejection power and high ejection efficiency liquid ejecting
head is provided. 10 (Enbodinent 3) Figure 5 is a schematic sectional view
of a major part of another enbodinent. Figure 6 is a partial schematic
partly broken perspective view of a liquid ejecting head shown in Figure 5.
The novable 15 " portion 6 of the head ofP%his enbodiment is not of a single
structure but has a couple structure. The pressure of the bubbl e displaces
a pair of novable portions 6 to permt the pressure to transmt toward the

Tovabl o port RS AIHN PRFLS IRENGLTE sherdn b (B T (he ot her hand
I AL R S
hi gh ej ecti 0gud%; JeOwar i%n§iefi&rattsejﬂw Ot @itld G4 dHdtt LdfHAH9 head
I's provided. (Enbodinent 4 :
the bubble. '
5 In this embodiment the pressure for
deflecting up the valve and the pressure of the bubble
are both directed toward the ejection outlet; The
movable portion 6 returns to the initial position
substantially simultaneously with the collapse of
10 bubble, and therefore, the degree of the retraction of
the ink meniscus can be minimized, so that the the ink
is smoothly supplied to the heat generating surface
from the upstream side by the forced refilling
function of the ink by the collapse of bubble. By
15 this, a liquid ejecting head with high ejection power
and high ejection efficiency, can be prevented.
(Embodiment 9)
Figure 16A is a Figpre 16A is a schematic
sectional view of a major part of a liquid ejecting
20 head according to a further embodiment of the present
invention. Figure 16B is an is a schemétic top plan
view of a movable portion used in movable portion, as
seen from the ejection outlet side. This embodiment
is different from Embodiment 7 in that a pit type
25 ligquid passage 4a enclosed by walls in four sides is
in place of the second liquid flow path 4. In this

embodiment, after liquid ejection, the liquid is



-36- Figure 7 is an is a schematic cross-sectional viewof a liquid _
ej ecting head of a further enbodi ment of the present invention. Figure 8 is
schematic portion partly broken perspective view of a liquid 5 ejecting
head of Figure 7. The liquid ejecting heg& of this enbodinent is a side
shooter type head wherein the heat generating element 2 is faced to the
ejection outlet 11. The heat generating element 2 has a size of 10 48 .
[err]mXx 46 [errlmand is in the formof a heat generating resistor. It is
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6c will suffice if it permits flow of the ink without
5 escaping the bubble.

In this embodiment, the escape'of the bubble
generation pressure toward the upstream side along the
lower part of the movable portion 6, can be
suppressed, and therefore, so that the bubble

10 generation pressure can be efficiently directed toward
the ejection outlet. Further more, upon the collapse
of bubble, the amount of the ink to be refilled is
only the one corresponding to the volume of the prit
type liquid passage, so that the refilling amount may

15 be small,.and the high speed responsivity can be
accomplished. According to this embodiment, tob, a
liquid ejecting head of high ejection power and high
ejection efficiency can be prevented.

{Head Example 1)

20 Figure 17 is a schematic perspective view of
an exampie of a liquid ejecting head acéording to an
embodiment of the present invention, which has a
plurality of ejection outlets and a plprality of
liquid flow paths in fluid communication therewith,

25 respectively. The liquid ejecting head is formed by a
substrate 1, a separation wall S and an orifice plate

14 which are laminated with gaps. Substrate 1 has a



the orifice plate 14 so that it is directly in fluid 20 communication with
the ejection outlet 11. On the other hand, on the substrate 1, a second
liquid flow path 4 is provision for the flow of the bubble generation
liquid. Between the first liquid flow path 3 and the second liquid flow
path 4, a partition 25 or separation wald3-5 for separating the liquid flow
paths is provided. The separation wall 5 is of elastic nmaterial such as
nmetal. In this enbodi nent, -37- the separation wall 5 is of nickel

having a thickness aof 5 [err] m_ _The separation Il 5 separates the
ej ection i th’lué’plorFtlJinl%t"Iq'qb | % MSh SRR A% WbIER G éher at i on

s suppl f ed PAERE T S 1A SER e, S omens, R BT bt supply
loassage 12a %re%b%q:q_d‘# S lenPPTON ild QW 3G o2 1PNt ai ning the ejection
I quid. The Bu e generation liquid s

electrothermal transducer element. generating heat for

5 generating.a bubble by f£film boiling in the bubble

generation liquid supplied to the second liquid flow

path 4. The substrate 1 is provided with a wiring

electrode for supplying the electric signal to the

heat Qenerating element 2, and function elements such

10 as transistor, diode, latch, shift register for
driving the heat generating elements 2 sélectively.

On the heat generating element 2, a protection laver
(omitted in the Figure) for protecting the heat
generating element 2 is provided.

15 The separation wall 5 is provided with a pair
of movable portions 6 so as to oppose to the heat
generating element 2. Above the separation wall 5, an
orifice plate 14 having ejection outlets 11 is
provided with flow passage walls 15 for constituting

20 the first liquid flow paths 3 sandwiched therebetween.

In Figure 17, reference numerai 12 designates
a first common liguid chamber for supplying the
ejection liquid through the first supply passage 1l2a
to the first liquid flow paths 3. Designated by 13 is

25 second common liquid chamber for supplying the bubble
generation liquid through the second supply passage

13a to the second liquid flow paths 4. Thus, the



supplied to the second liquid flow path 4 through the 10 second supply
passage 13a fromthe second common |iquid chanber 13 containing the bubble
generation liquid. The first comon liquid chanmber 12 and the second conmon
i quid chanber 13 are separated by a partition la. In this enbodi nent, the
ejection liquid 15 supplied to the fir3§4Tiquid flow path 3 and the bubbl e
generation liquid supplied to the second liquid flow path 4 are both water
base ink (mxed liquid of ethanol and water). The separation wall 5 is

[ ' ' f th ' d f the heat
qenaration soetEet Condolf PRIMELRnnes PALETLRCPRERE D il ar Ht the
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portion 6 and the heat generating surface a disposed wth earance of 15
[err] m appr oxseparation wall 5. The second common liquid chamber

5 13 is in fluid communication with the plurality of
second liquid flow paths 4 separated by the plurality
of flow passage walls (omitted in the Figure for
explanation purpose) on the substrate 1.

In the manufacturing of the liquid ejecting
10 head shown in Figure 17, a dry film having a thickness
of 15 pm (solid photosensitivity resin material) is
placed on the substrate 1, and is patterned to form
the flow passage wails for constituting the second
liquid flow paths 4. The material of the flow passage
15 wall may be any if it exhibits anti—solvent_property
against the bubble generation liquid, and the flow
passage wall can be formed. Examples of such
materials include liquid photosensitive resin material
in addition to the dry film. Other examples are resin
20 material such as polysulfone or polyethylene or metal
such as gold, silicon, nickel, and glasé. Thereafter,
the substrate 1 and the separation wall 5 are
comected to form an integral substrate and separation
wall combination while the heat generating element 2
25 and the movable portion 6 are correctly pésitioned'
with each other.

The orifice plate 14 having the ejection



-38- The free ends 6a of the novable portions 6 are opposed to each ot her
wth a gap of approx. 2 [errJm(slit 8). Designated by 6b is a base portion
functioning as a base portion upon opening of the novable portions 6. 5
Slit 8 is formed in a plane including a |ine connecting a center portion of
the heat generating elenent 2 and the ce®®er portion of the ejection outlet
11. In this enbodinent, the slit 8 is so narrow that the bubbl e does not
extend through the 10 sllt 8 around the novabl e portions 6 before the
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regi on. Wien heat
eximer laser to a mold of resin integrally having the

5 first liquid flow path 3. The first liquid flow path
3 is formed by placing a dry film having a thickness
of 25 pm on the back side of the orifice plate 14 and
patterning it. Thereafter, the orifice plate 14 is
connected with the integral substrate and separation

10 wall combination, while the ejection outlet 11 and the
movable portion 6 are correctly positioned relative to
each other.

({Head Example 2)
Figure 18 is a schematic perspective view of

15 a liquid ejecting head according to an embodiment of
the present invention. The 1 of this embodiment is
different from the foregoing head is in that the
movable portion 6 is an independent member rather than
a pair. The defect 15d having the flow passage wall

20 15 functions as an opposing member. In this
embodiment, a liquid ejecting head with the high
ejection power and high ejection efficiency, is
provided.

(Movable portion and separation wall)

25 Figure 19A - Figure 19C are schematic top

plan views of liquid ejecting heads having a movable

portions according to further embodiments. Figure 194



20 surface of the heat generating elenent 2, and a bubble is generated in
the region B, the free end 6a of the novable portion 6 is instantaneously
noved in the direction of the arrowin Figure 1 nanmely toward the region A
with the base portion 6b functioning as a 25 fulcrumby the pressure
resulting fromthe generation and growt n28f the bubble and by the expanding
bubbl e per se. By this, the liquid is ejected out through -39- the
ejection outlet 11. Designated by reference nuneral 18 in Figure 8 is a
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Figure 9A i s @ysabfaBtihel@PnPLRE NbF4HPE ﬁ@ﬁbﬂ?v§9|§eétangular
with narrowed base portion 6b functioning as the
5 fulcrum upon the displacement or deflection. Figure
19C shows an example, wherein the movable member is
rectangular with wider base portion 6b functioning as
the fulcrum of the displacement than the free end 6a
side.

10 With the use of the movable portion 6 as
shown in Figure 19B, the operation of the displacement
is easier. With the movable portion 6 as shown_in
Figure 19C, the durability of the movable portion is
high. From the standpoint of both of easiness of the

15 operation of the movable portion and the durability of
the movable portion, the width of the base portion 6b
side functioning as the fulcrum, as shown in Figure
9A, is desirably narrowed arcuately.

Figure 20 is a schematic top plan view of the

20 rectangular movable portion 6 and the heat generating
element 2 shown in Figure 19A, as seen %rom the
ejection outlet side, to show the positional relation
therebetween. In order to effectively use the bubble
generation pressure, the two movable portions 6 are

25 extended in the different directions so that the
portion right above the effective bubble generating

region of the heat generating element 2 is covered by



10 portion 6 as seen fromthe orifice plate 14 side. Figure 9B is a
schematic top plan view of the bottom portion of the second liquid flow
path 4, as seen fromthe separation wall 5 side. Figure 9C is a schematic
top plan view of the novable portion 6 through the 15 second liquid flow
path 4, as seen fromthe orifice plate 127side. In these Figures, the front
side of the sheet of the drawing is an ejection outlet 11 side. In this
enbodi ment, throat portions 9 are 20 forned on both sides of the heat

generati ng e'i@%@aﬁf t r@f&r?,n?tl%%gu%g, L R&%bfe déh@?&gég?t he

portions 9, t acent regron o egat “generating elenen

second |iqui dgfd &a 4 cgﬁﬂgff (PN bPh £5 98RELAS | chapher)
structure such Zgw?ﬁg% esaggéag? the pressure g%on tﬁg %ﬁﬁ%feeggneration
along the segadabldlipdrfisns Paiiave | £hs UPRRE SEERT 1 ¥HLAL Poh8r &R pOrtion is

provided in the
are arranged symmetrically, but a plurality of movable

5 members having different configurations may be used.
The movable portions may be'asymmetrical if the
durability of the movable portion is high, and the
ejection efficiency is high. By making the total area
of the movable portion larger than the total area of

10 the heat generating surface of the heat generating
element and by positioning the fulcrum of the movable
portion outside the region of effective bubble
generating region of the heat generatihg element, the
ejection efficiency and the durability of the liquid

15 ejecting head are improved. |

In the head héving the opposed movable
portions as shown in Figure 7 and the like, it is
preferable that the slit is relatively narrow, from
the standpoint of the improvement in the ejection

20 efficiency. 1t is preferable that a line passing
through the center of the heat generatihg surface of
the heat generating element and perpendicular to the
heat generating surface is close with a line passing
through the center of the region of the gap between

25 the free ends and perpendicular to the gap region, and
it is further preferable that these lines are

substantially overlapped. Further, it is preferable



-40- liquid flow path to suppress escape of the pressure upon the bubble
generation in a conventional head, the flow path cross-sectional area at
the throat portion should not be too small in view of the refilling 5
property of the liquid to be ejected. However, in this enbodi nent, nost of
the ejected liquidis the ejection Iiquttn the first liquid flow path,
and the bubble generation liquid in the second liquid flow path having the
heat generating elenment is not ejected 10 so nuch, and therefore, the
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therefore, further high ejection
5 preferable that the line and a line perpendicular to
the ejection outlet through the center of the ejection
outlet are overlappéd.

In the head having the one side movable
‘portion as shown in Figure 14B or the like and the

10 opposing defect thereto, it is preferable that a line
passing through the heat generating surface of the
heat generating element and perpendicular to the heat
generating surface, penetrate the one.side movable
portion. Additionally, it is preferable that a line

15 passing through the centef of the heat generating’
surface and vértical to the heat generating surface,
penetrates the ejection outlet, and it is further
preferable that the line and a line passing through
the center of the ejection outlet and vertical to the

20 ejection outlet are substantially overlapped.

Figure 21A - Figure 21C is a séhematic top
plan view illustrating a configuration in which not
less than three movable portions 6 are used for one
bubble generation region, and Figure 21A shows an .

25 example of three positions; Figure 21B shows an
example of four positions, and show shows an example

of six positions. The number of the movable portions



efficiency and ejection power can be acconplished. The description will be
made as to the ejecting operation of the liquid ejecting head in this
enbodi ment. Figure 10A - Figure 10D are schematic 25 sectional views of
the liquid ejecting head illustrating the ejecting operation in this
enmbodi ment. In this enbodi nent, the ejet?®Pon liquid -41- to be supplied
to the first liquid flow path 3 and the bubble generation liquid to be
supplied to the second liquid flow path 4, are the sanme water base ink
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produced by the bubble is applied uniformly to the

5 movable portions 6, and the fulcrum side is made
arcuate to accomplish better operation and the
durability. By the adjacent radial arrangement of the
valve~like movable portion 6, large size droplets can
be ejected with high efficiency. The plurality of

10 movable portions 6 can be determined by one skilled in
the art in accordance with the diameter of the droplet
(dot size) to be ejected.

As for the material of the separation wall
including the movable portion, any material is usable

15 if it has anti-solvent property against the bubble
generation liquid and the ejection ligquid, it has an
elasticity suitable for operation as the movable
portion, and it is suitable for formation of the fine
slit.

20 Preferable examples of the materials for the
movable member include durable materialé such as metal
such as silver, nickel, gold, iron, titanium,
aluminum, platinum, tantalum, stainless steel,
phosphor bronze or the like, alloy thereof, or resin

25 material having nitrile group such as acrylonitrile,
butadiene, stylene or the like, resin material having

amide group such as polyamide or the like, resin



ejection liquidin the first liquid flow path 3 and the bubble generation
liquid in the second liquid flow path 4. Figure 10B shows a state in which
the heat 15 generating element 2 is supplied with the electric energy or
the Iike, and the heat generating el ement,2 generate the heat which
produces filmboiling in the liquid so that the bubble 7 is generated and

i s expanded. The pressure resulting fromthe generation 20 and the growh
of the bubble is mainly propagated to the novable portion 6. The nechani cal

di spl acenent ntddiea Iivadbi g RESEBERYD didcke 0l rpELYydREBohaté Neretget i on of
the ejection liquid fromthe ejection outlet. Figure 10C shows a state

wher ei n the buidte e Tefin mstéridhciawimywal iiydé hgrotipWshcRf aghe bubble 7,
t he novable portion 6 is further displaced toward the first liquid flow
path 3 side walyvacetdphser pthe i oikeéb resiniZnaterial having sulfone
group such as polysulfone, ;esin material such as
5 liquid crystal polymer or the like, or chemical
compound thereof; or materials having durability
against the ink, such as metal such as gold, tungsten,
tantalum, nickel, stainless steel, titanium, alloy
thereof, materials coated with such metal, resin
10 material having amide group such as polyamide, resin
material having aldehyde group such as polyacetal,
resin material having ketone group such as
polyetheretherketone, resin material having imidé
group such as polyimide, resin material having
15  hydroxyl group such as phenolic resin, resin material
having eéhyl group such as polyethylene, resin
material having alkyl group such as polypropylene,
resin material having epoxy group such as epoxy resin
material, resin material having amino group such as
20 melamine resin material, resin material having
methylol group such as xylene resin matérial, chemical
compound thereof, ceramic material such aé silicon
dioxide or chemical compound thereof.
Preferable examples of partition or division
25  wall include resin material having high heat-

resistive, high anti-solvent property and high molding

property, more particularly recent engineering pléstic.



functioning as fulcrum By the displacement of the novable portion 6, the
first liquid flow path 3 and the second liquid flow path 4 are in .
substantial fluid comunication with each other. In this state, the 5 fluid
comuni cati on path between the heat generation surface and the ejection
outlet is choked to a proper extent by 9t novabl e portion 6 so as to
concentrate the force of the bubble expansion toward the ejection outlet.
In this nmanner, the pressure wave produced by 10 the growth of the bubble

[ 3 ' d dth lecti tlet 11
uid communi e oAy Trere TIvEs PRI, oL eeriene ot
Propagati on Glotyines YR AKA Y (Ol el fll PRhARETRIL, of the

novabl e portion 6 15 descri n conjunction w I 'gureé

ej ection |iquictessi ] ePHhSIVOUHEEINE S | U RN ihStedlaPl hi gh speed and
with high ejection power and with high ejection efficiency as a droplet Ila

(Fi gure 10D) pdiybutgitdicen)C polivirdtiearnt S pcoraed réfhd At 2éhe MVabl e
portion 6 to the first liquid flow path 3 side, a part of the bubble
gener at e at ploretdgmsuB fone, polyallylate, polyimide,
polysulfone, liquid crystal polymer (LCP), or chemical
compound thereof, or metal such as silicon dioxide;
silicon nitride, nickel, gold, stainless steel, alloy
thereof, chemical compound thereof, or materials
10 coated with titanium or gold.

The thickness of the separation wall is
determined depending on the used material and
configuration from the standpoint of sufficient
strength as the wall and sufficient operativity as the

15 movable member, and generally, 0.5 pm - 10 pm approx.
is desirable.

As for width of the slit 35 for providing the
movable member 31, when the bubble generation liquid
and ejection liquid are different materials, and

20 mixture of the liquids is to be avoided, the gap is
determined so as to form a meniscus betdéen the
liquids, thus avoiding mixture therebetween. For
example, when the bubble generation liquid has a
viscosity about 2 cP, and the ejection liquid has a

25 viscosity not less than 100 cP, 5 pm approx. slit is
enough to avoid the liquid mixture, but not more than

3 pm is desirable.



in the second liquid flow path 4 extends into the first liquid flow path 3
side. Thus, the height of the second liquid flow path 4 (a clearance from
the 25 surface of the substrate 1 or the heat generating surface of the
heat generating elenent 2 to the novable Eortion 6) is such that the bubble
ext endi ng -43- into the first |iquid-PRow path 3 side, by whi ch the
ejection power is further inproved. In order to extend the bubble into the
first liquid flow path 3, it is desirable the height of the second liquid

' h he hejgh f ' bubbl e, f
examl e soveral pme 3B FaFF, WoEatifa i‘e%eéwémﬁi&%%%e”‘#?haﬁkﬁhi he"Ll
[ ' side pressure e novabl e
bortion' 6 resrhiERALES BF hilCofat Ca8 cplorkiiul BoLHTCRABRR . ndlay

resulting frogiibe; §ORSFAEA! £ Phe LREVRLPE! fe@fdr LRSI Q71 NY force due
thickness of pm order, and'the slit has the width (W
5 pm) of the order of the thickness of the movable
member, it is desirable to consider the variations in
the manufacturing.

When the thickness of the member opposed to
the free end and/or lateral edge of the movable member

10 formed by a slit, is equivalent to the thickneés of
the movable member, the relation between the slit
width and the thickness is preferably as follows'in
consideration of the variation in the manufacturing to
stably suppress the liquid mixture between the bubble

15 generation liquid and the ejection liquid. When the
bubble generation liquid has a viscosity not more than
3cp, and a high viscous ink (5 cp, 10 cp or the like)
is used as the ejection liquid, the mixture of the 2
liquids can be suppressed for a long term if W/t £ 1

20 is satisfied.

The slit providing the “substaﬁtial sealing"”,
preferably has several microns width, since the liquid
mixture prevention is assured.

When the ejection liqﬁid and the bubble

25 generation liquid are separated, the movable member
functions as a partition therebetween. However, a

small amount of the bubble generation liquid is mixed



to the spring property of the novable portion per se. Wth this, the first
liquid flow path 3 is quickly supplied with the amount of the liquid
ejected out. 15 In the first liquid flow path 3, there is hardly any

i nfluence of the back wave due to the bu%ﬁn and liquid supply is carried
out concurrently with the closing of the“rovable portion 6, and therefore,
the liquid supply is not obstructed by the novable 20 portion.
Accordingly, the inside in the Figure 10D is not pressure so nuch, and

therefore, a §H@b|tﬁ€pggéc?§?ﬁeiﬁﬁﬁ§8 |s gngﬂghcalge geig&hgalon mnll be

made as to the refi urd int urd ejecting head 25

according to é?éét%ﬁoﬂbgeﬁhn%ﬁ?ﬁt Eﬁebse%an%apa b ttﬂ_‘é B:HLQE%IS EQ' | apse
process after the naxi mnum vol une er eof he volune 44- of "the liquid
conpensati ng ppactiealigappenbegrépbhe if the percentage is less

than 20 %.

5 ' Therefore, the present invention covers the
case where the mixture ratio of the bubble generation
liquid of not more than 20 %.

In the foregoing embodiments, the maximum
mixfure ratio of the bubble generation liquid was 15 %
10 even when various viscosities are used. With the
bubble generation liquid having the viscosity not more
than 5 cps, the mixture ratio was 10 % approx. at the
maximum, although it is different if the driving
fregquency is different. The mixed ligquid can be
15 | reduced by reducing the viscosity of the ejection
liguid in the range below 20 cps (for example not more
than 5 %).
(Ejection liquid and bubble generation liquid)
When the ejection ligquid and the bubble
20 generation liquid are the same liquid, wvarious liquid
materials are usable, if it is not deteiiorated by the
heat imparted by the heat generatipg element;
accumulated material is not easily deppsited.on the
heat generating element; the state change of
25 gassification and the condensation are reversible; and
the liquid flow path, movable member or separation

wall or the like are not deteriorated. For recording,



volume flows both fromthe ejection outlet 11 side side, the first liquid
flow path 3b side and the second liquid flow path 4. The vol une of the
bubble 5 at the upper side (ejection outlet side) beyond the initial
position of the novable portion 6 is W, and that of the | ower side (heat
generating el ement side) is novable portidon (WL+W2=W. Wien the novabl e
portion 6 restores its initial position, the retraction of the 10 neniscus
at the ejection outlet for conpensating a part of WL stops, thereafter, the

o The: cecontinfi ARELA Baefath A CBYVEREIOhATe THENSe 16t ABILER h of t he
meni scus in t l,ection _outl et, C S I ed. t.hi.s enbodi nent,
t he conpensaflggﬁ o%%%helggﬁéﬁelﬁzéggr? El% grecggﬁoﬁg%f gg’t‘)eegltr%g]lnﬁl y through

the second liquid floy,pahLB gkggg hgﬁdbe%be9§§e%ﬂ@ %ﬁeiﬁﬁkﬁpgfﬂédkhe heat

generating el enent, using the pressure change upon the co pse of
bubbl e, and ghar %Lg][ Bubble Guhef8itibal 1liluld v BFfdrent Nilgcase that

the refilling is effected uSing the pressure

5 materials, the ejection liquid can be ejected by the
displacement of the movable portion caused by the
pressure produced by the bubble generation of the
bubble generation liquid. Therefore, high viscosity
liquid such as polvethylene glycol with which the

10 bubble generation is not sufficient upon heat
application, and therefore, the ejection power is not
sufficient, can be ejected at high ejecfion effieiency
and with high ejection pressure by supplying this
liquid in the first liquid flow path and supplying, to

15 the second liquid flow path as the bubble generation
liquid, the good bubble generation liquid (a mixed
liquid of ethanocl and water at 4:6, having a viscosity
of 1 -~ 2 cps approx., for example).

The liguid easily influenced by heat can be

20 ejected at high ejection efficiency and with high
ejection pressure without thermal damage-to such
liquid, if such liquid is supplied to the first liquid
flow path, and the liquid not easily infiuenced by the
heat but having good bubble generation property, is

25 supplied to the second liquid flow path.

Various liquid materials are usable, if it is

not deteriorated by the heat imparted by the heat



upon the coll apse of bubble in a conventional head, the vibration of the
meniscus is large with the result 25 of the deterioration of the imge
quality, but in this enbodinent, the vibration of the neniscus can be

m nim zed since the conmunication between_the region -45- of the first
liquid flow path 3 of the ejection out | 2653i de and the second liquid flow
path 4, is suppressed by the novable portion. By this, the inprovenent of
the image quality and the high speed recording are 5 expected. The surface

oF LD S0t bt ind PRI D b Ebpledt e fbey 5oL oS00 glbpE, U 2
oL Re" e PSSR G0ho fodd pechagiAg 1oy LPRLsRRELIE |1 OUT Y
stagnation ofchdiegd | Sl gh&dli £#1CaPESh and the condensation are
- reversible; and the liquid flow path, movable member
5 or separation wall or the like are not deteriorated.
More particularly, examples of such liquids include
methanol, ethanol, n-propancl, isopropanol, n-hexane,
n-heptane, n-octane, toluene, xylene, methylene
dichloride, trichlene, Freon TF, Freon BF, ethyl
10 ether, dioxane, cyclohexane, methyl acetate, ethyl
acetate, acetone, methyl ethyl ketone, water or the
like or a mixture of them.
As for the ejection liquid, various liquid is
usable irrespective of thermal_property or of the
15 bubble generation property. The liquid having low
bubble generation éroperty, the liquid which is easily
deteriorated or influenced by heat or the high viscous
ligquid, which are not easily ejected heretofore, can
be ejected. However, it is desirable that the
20 ejection, bubble generation or the operation of the
movable portion is not obstructed by thé ejection
liquid per se or by the reaction with the bubble
generation liguid. As for the reaction for the
however, bubble generation movable portion of is
25 usable. Other examples of ejection liquid include
pharmaceuticals, perfume such as which is easily

influenced by heat.



generation surface of the heat generating elenment 2 is suppressed, and the
preci pitated bubble resulting from15 the dissolved gasses or the residual
bubbl e having not coll apsed, are renoved, and the heat accumulation in the
liquid is not too nuch. Therefore, nore stabilized generation of the bubble
can be repeated at high speed. In this 28Bodi nent, the surface of the 20
substrate 1 is of flat inner wall, but this is not limting if the inner
wal I has such a snpboth surface that the |liquid does not stagnate and that

an eddy flow does not gQccur in t.he F The esgrl %Lon mn{ be nade as
to the 25 pressure pr'@'b éﬁ?(gng?‘?%ﬁh BB B‘Fe |‘ﬁ ?h@ e ' Jéf'ectl ng head
of this e.nbodw% exanple. Figure 11A is
a schematic - sectlonal VIeW [ Tus atlng ressure propagation from
the bubble in the |iqugh ahiidYGdiedrhOfon M Hquid which was the
abéve-described mixed liquid of ethanol and water;
5 Ejection liquid which was dye ink (2 cps),
pigment ink (15 cps), polyethylene glycol 200 or
polyethylene glycol 600.
As a result, satisfactory ejection was
confirmed.
10 Recording operafions were also carried out
using the following combination of the liquids for the
bubble generation liquid and the ejection liquid. As
a result, the liquid having a ten and several cps
viscosity, which was unable to be ejected heretofore,
15 was properly ejected, and even 150 cps liquid was
properly ejected to provide high quality image.
Bubble generation liquid 1:
Ethanol 40 wt. %
Water 60 wt. %
20 Bubble generation liquid 2:
Water : 160 wt. %
Bubble generation liquid 3:
Isopropyl alcoholic .10 wt. %
Water . ' 90 wt. %
25 Ejection liquid 1:
(Pigment ink approx. 15 cp)

Carbon black 5 wt. %



enbodi ment. Figure 11B is a schematic sectional viewillustrating pressure
propagation fromthe bubble in 5 the liquid ejecting head of the
conventional. In a representative conventional head showed in Figure 11B,
there is not obstructing materi al agains% t he propagation of the pressure
produced by the bubble 7, in the propaga 7on direction. 10 Therefore, the
direction of the pressure propagation of the bubble is wdely scattered

al ong the substantially normal line direction of the surface of the bubble,
as indicated by Vd: \N e diys [0 he pressure conponent
directed to the létg?%%éygﬁg%%gfétamﬁ¥§%£%sg§%¥ influential to the liquid

ejection, is V8-V6co€3f§*¥r gggiﬁrﬁéggfgagropagation gofpongnt close to the
Icu

ej ection outlet. Par arly, V4 and V5 are closest to the ejection
outlet, so that theypaBsKosfhdtdenhly(boia&hesbiquid 20 ejection, but V3
and V6 have relatively small conponent directed to the ejection outlet.

Here, VA and VB arweidfiet paessaie€ poDEBGRaT OReLghBINENt iNn the opposite
direction along the liquid flow path.

5 Mono-ethanol amine _ 0.25 wt. %
Glyceline 69 wt., %
Thiodiglycol _ 5 wt. %
Ethanol 3 wt. %
Water 16.75 wt. %

10 Ejection liquid 2 (55cp):
Polyethylene glycol 200 100 wt. %
Ejection liquid 3 (150cp):
Polyethylene glycol 600 100 wt. %
Further, the use was made with the following
15 liguid which is usable both for the ejection ligquid
and the bubble generation liquid; and the results were
that high quality images were recorded because of high
ink ejection speed.

Dve ink (viscosity of 2 cps)

20 C.I1. hoodblack 2 dye 3 wt. %
Diethylene glycol 16 wt. %
Thiodiglycol 5 wt. %

Ethanol 3 wt. %
Water 77 wt. %
25 In the case of the liquid which is not easily

ejected heretofore, the ejection speed is low, and

therefore, the variation of the ejecting directions is



In the case of this enbodi nent showed in 25 Figure 11A, the novabl e nenber
6 directs the pressure propagati on conponent V3-V6 of the bubble toward the
ejection outlet, and therefore, the pressure of the -47- bubble 7 acts
directly and efficiently. The bubble per_ se growhs toward the ejection
outlet. In this manner, the novable porT@%ﬁ controls not only the pressure
propagation direction but also the growh of 5 the bubble per se, so that
the ejection efficiency, ejection power, ejection speed and so on are
significantl ci.d red. VA V .pre I eeC onents
e atide ]E)Jloavofg% atv#ﬁfq ei%l'he }e% g% 1%&?10&){1&?3 St

al ong the first ?qu| e ‘opposite I recttons Trom each

ot her, and VAughd (ﬁ¥35&§¥§ . SEC Lquid flow
path in the épposi%\%%{]?oer(% ?t(?)‘?l;%l?er om eac of%rgtlrl. i niﬁ}éﬁeﬁggtdﬂll%ent, t he
movabl e port i & s RInfASASs (dife M8FKkehe ejection instability, and

therefore, the image quality is not very high.

5 However, according to the embodiment, the generation
of the bubble is stable and sufficient. Therefore,
the shot accuracy of the liquid droplet is improved,
and the ink ejection amount is stabilized, thus
remarkably improving the recorded image quality.

10 {(Element substrate)

Hereinafter, the structure of the element
substrate provided with heating members for applying
heat to the liquid will be described.

Figures 22A and 22B are sectional views of

15 the element substrate of the liquid ejection head in
accordance with the présent invention. Figure 22A
depicts a portion of a head element substrate 1
provided with a protective film, which is on an
electrothermal transducer comprising the heating

20 member. Figure 22B depicts a head element substrate 1
provided with no protective film. )

A layer of silicon oxide or silicon nitride
is formed as a bottom layer 66 on a substrate 67 of
silicon or the like, for the purpose of insulation and

25 heat accumulation. On the bottom layer 66, a 0.01 -
0.02 mm thick heat generating resistor layer 65 (heat

generating member 2) composed of hafnium boride



wave, and therefore, VAL and V[err] are smaller than in 15 the
conventional device. The bubble is directed toward the ejection outlet,
and therefore, VA and VB are smaller than in the conventional device. As a
result, V[err]+VA and V[err]+VB are snmaller than VA and VB in the
conventional device. 20 (Enbodi nent 5)-6fPgure 12 is a schematic sectional
view of a major part of a liquid ejecting head accordi ng to anot her

enbodi ment of the present invention. This enbodinent is different from

Floxibi|1ty. EJEPAJs ABCTBmnRY heAgu B3 nyorha B edimipie “id ﬁ?iimvabl e
ibi 17ty BB f P Gur 82 by phie. Bf
G et o out | SFoRD) 1 pey REersRey BRar el 832 ¢ 710, F £¥%Bk, Movab e por ti on

can be deflechgdtbPnaqakeRing*be8Et2YA8 Wit B ghaklikGhY orO%he 1ike,
are laminated. As voltage is applied to the heat
5 generating resistor layer 65 through these two wiring
electrodes 64, a current flows through the heat
generating resistor layer 65 located between two
electrodes 64, whereby heat is generated.
In the case of the structure depicted in
10 Figure 22A, the 0.1 - 2.0 pm thick protective layer 63
of the silicon oxide, silicon nitride, or the like is
formed on the heat generating resistor layer, at least
between the wiring electrodes 64. Further, a 0.1 -
0.6 um thick anti-cavitation layer of tantalum or the
15 like is deposited on the protective layer 63,
protecting at least the heat generating resistor laver
65 from various liquids such as ink. The reason why
metallic material such as tantalum is used as the
anti-cavitation layer 62 is that the pressure wave or
20 the shock wave generated during the generation and
collapse of the bubble is extremely powérful, being
liable to drastically deteriorate the durability of
the oxide film which is hard and brittle.
Figure 22B depicts a heat element substrate 1
25 without the protective layer 62; the protective layer
or the like is not mandatory. As for the heat

generating resistor layer material which does not



bubbl e generation pressure, so that the bubble 5 generation pressure can be
further efficiently directed to the ejection outlet. In this enbodi nent,
too, a high ejection power and high ejection efficiency liquid ejecting
head is provided. (Enbodinment 6) 10 Figure 13A is a schematic
sectional view of a major part of a |iquf@ejecting head of the present

I nvention according to a further enbodinent. Figure 13B is a schematic top
pl an view of the novable portion used in this enbodiment, as seen fromthe
15 ejection outlet side. This enbodinment_is different from Enbodi nent 4
in that a treRELYe pthe (BrRrectiyeg lnxendescrihrd ARVey BRFFLLIG four
sides is in place of‘Ehe. cond ligujd, ]OM/§3$€ 4. Inlthis enbfginent,
after |iquid 3¢ iBRSRY IFHR £F SRR IR P RRVSB AWR 31 9% | qui d
passage 4a | r e first liquid flow path 3 through the opening 6¢
in the anagﬁgﬂkéﬂ%ewé&é&The size of the opening 6¢c will suffice if it

permts flow of the inj, WMikoMluSrESP! e LHERUPREE of the heat

5 generating member in accordance with the present
invention may comprise the protective layer which is
placed over the heat generating portion of the heat
generating resistor layer, between the wiring
electrodes, but this not mandatory.

10 In this embodiment, the heat generating
member is constituted of a heat generating resistor
layer which generates heat in response to an eleptric
signal. But, the present invention is not limited by
this embodiment. The present invention is compatible

15 with any heat generating member as long as it can
generate bubbles in the bubble generation liguid
sufficiently to eject the ejection liquid. For
example, a photothermal transducer which generates
heat as it receives light such as a laser beam, or a

20 heating member comprising a heating portion which
generates heat as it receives high freqﬁency waves,
may be employed.

The element substrate 1 may integrally
comprise functional elements such as transistors,

25 diodes, latches, and shift registers, in addition to
the aforementioned electrothermal transducers which

contain the heat generating resistor layer 65



25 In this enbodi nent, the escape of the bubble generation
pressure toward upstream side along the | ower part of the novable portion

6. Furthernore, -49- upon the coll apse of bubble, the anpbunt of the ink
to be refilled is only the one corresponding to the volunme of the pit type
liqui d passage, so that the refilling amd&nt may be small, and the high

speed 5 responsivity can be acconplished. In this enbodi nent, the high
ej ection power and high ejection efficiency liquid ejecting head can be

t ed. Enbodi 1 4 ' 4A | h ti ti i f 10
o part of CRSPEAERK 8P EbPnhSAEaaenRERAPA PEGLORa: RA, S 0d! ot - of
th t i AL i i , f. thi nmbodi t
o not s dual WEEpREBrpcieolREBCcBY" BhBiy By, PR HIBGRAC L0 T At he
free end 6a sifgnQistP6 PRY2RLEL generating resistor layer 65.

These functional elements are alsc formed through a

5 semiconductor manufacturing process.

Figure 23 is a graph depicting the pattern of

a driving signal applied to the heat generating
member. The axis of abscissa presénts the duration of
the driving signal applied to the heat generating

10 portion, and the axis of ordinates represents the
voltage value of the driving signal. In order to
eject the liquid by driving the heat generating_
portion of the electrothermal transducer arranged on
the element substrate 1, a rectangular pulse as

15 illustrated in Figure 23 is applied to the heat
generating resistor layer 65 through the wiring
electrodes 64, causing the heat generating resistor
layer 65 located between the wiring electrocdes 64, to
rapidly generate heat. In each of the preceding

20 embodiments, the driving signal applied to drive the
heat generating member so that the liquid, that is,
the ink, could be ejected from the ejection orifice
through the aforementioned operation, had a voltage of
24 VvV, a pulse width of 7 psec, a current of 150 ma,

25 and a frequency of 6 kH. However, the specifications
of the driving signal are not limiteq to those

described above; any driving signal is acceptable as



15 portion 6 is closed by a wall 15a (opposi ng nmenber opposed to the
novabl e nmenber), so that the pressure produced by the bubble expands toward
the ejection outlet 11 thereabove by deflection of the novabl e portion 6.
The novabl e portion 6 in this enbodinent 20 is a single nenber,

manuf acturing is easy and |latitude in th&designing is |arge. Flgure 14B is
a schematic sectional viewillustrating the generation, and so on, of the
bubble 7 in the liquid ejecting head according to this 25 enbodinent. As

shown in thi ur e, art of the bubble ed in ere B of the
sooond I i S s f B3 altod iy e S I FEs  In {6y STaTe® ' L0
side with the %ﬁéﬂ%¥% t of the novabl e portion 6 into the first liquid
flow path 3 ST Tght of the second liquid flow path 4 (a

cl earance frcyﬁéggeﬁ%gééggaég ﬁé@hé&$5trate 1 or the heat

Next, a manufacturing method for the liquid
3 ejection head in accordance with the present invention
will be described.

The manufacturing process for the liquid
ejection head having the twin ligquid flow paths is
generally as follpws. First, the walls of the second

10 liguid flow path 4 are formed on the element substrate
l, and a separation wall 5 is placed on top of the
walls. Then, a grooved member provided with the
grooves or the like which will become the first liquid
flow path 3 is placed on top ef the separation walls

15 5. The separation wall 5 may be provided on the
groove member, and in such a case, after the walls of
the second liquid flow path 4 are formed, the grooved
member with the separation walls 5 is bonded to the
top surfaces of these walls.

20 Next, the manufacturing method fer the second
liquid flow path 4 will be described. )

Figures 24A - 24E are schematic sectional
drawings depicting the steps of the ligquid ejection
head manufacturing method in the first embodiment of

25 the present invention.

Referring to Figure 24A, the electrothermal

transducer comprising a heating member 2 composed of



5 generating surface of the heat generating elenment 2 to the novable
portion 6) is such that the bubble extending into the first liquid flow
path 3 side, by which the ejection power is further inproved. In order to
extend the bubble into the first liquid flow 10 path 3, it is desirable the
hei ght of the second liquid flow path 4-73-made snal |l er than the height of
t he maxi mum bubbl e, for exanple, several pm- 30 [err]m In this

enbodi ment, the high ejection power and high ejection efficiency |iquid

ej ecting head can be 15 prevented. (Enbodinent 8) Figure 15A is a schematic
sectional vi dvainiustberide), repwtalaninptride; camd theclikg fead according
to a further enbodi nent of the present 20 invention, Figure 15B is a

schematic t opfPFapd PRERE e}RTeRy Prksherteoh oftehi $8en®Bdi nent, as seen
fromthe ejection outl side. This enpodinent is . differept from Enbodi nent
4 in that a pi? %X&é@?fﬁﬂnQﬁ%ﬁ&%@g%eﬁgg%ﬂd$§§%d5b§1ﬁ%?|%a ATt P 8¥des i s
'n place 25 qf  f0Pa SEGAN | AL Fad 85 PEL s far ' Bo! BhSsEMBRS1 858,
5 for the semiconductor manufacturing process. Then,
the surface of the element substrate 1 is cleansed to
improve its adhesiveness to the photosensitive resin
which is involved in the following step. In order to
further improve the adhesiveness, the properties of
10 the element substrate surface are modified with a
combination of ultraviolet rays and ozone, or the like
combination, and then is spin ccated with, for
example, a 1 wt. % ethyl alcohol sclution of silane
coupler Al89 (product of NIPPON UNICA).
15 Next, referring to Figure 24B, a dry film
Odyl SY-318 (product of Tokyo Ohka Kogyo Co., Ltd.),
that is, an ultraviolet ray sensitive resin film DF,
is laminated on the element substrate 1, the surface
of which has been cleansed to improve the
20 adhesiveness.
Next, referring to Figure 24C, a.photomask PM
is placed on the dry film DF. Ultraviolet rays are
irradiated on the dry film DF covered with the
photomask PM in a predetermined pattern, whereby the
25 regions of the dry film DF, which are not shielded by
the photomask PM, are exposed to the ultraviolet rays;

these exposed regions are to become the walls of the



after liquid ejection, the liquid is supplied into the pit type liquid

passage 4a mainly fromthe first -51- liquid flow path 3 through the
opening 6¢ in the novabl e nmenber 6. The size of the opening 6¢c will suffice
if it permts flow of the ink w thout escaping the bubble. 5 In

this enbodi nent the pressure for defl ect¥#g up the valve and the pressure
of the bubble are both directed toward the ejection outlet. The novabl e
portion 6 returns to the initial position substantially sinultaneously with
the col |l apse of 10 bubble, and therefore, the degree of the retraction of
the i nk neni steeendint bauid flew eitho tTRLs texpesrre Nkrocessodbshl y supplied
to the heat generating surface fromthe upstream side by the_forced

refilling fLNREF%&PQﬁ°?¢KP$#ﬂBtﬁPtMEﬁt@9¢aﬁ%%@@#cﬁu%%l%anﬁﬁ incthis, a
lTquid eject qugere%y %Iyllet hréméghotﬂeexcgésot?r Oil\se approximately 600

mJ/cmz.

5 Next, referring to Figure 24D, fhe dry film
DF is developed using a developer BMRC-3 (product of
Tokyo Ohka Kogyo Co., Ltd.), which is a mixture of
xylene and butyl cellosolve acetate; the unexposed
regions are dissolved, leaving the exposed and

10 hardened regions as the walls of the second liquid
flow path 4. Then, the residue remaining on the
surface of the element substrate 1 is removed by
treating the surface of the element substrate 1 for
approximately 90 seconds with an oxygen plasma ashing

15 apparatus MAS-800 (product of Alcan-Tech Co., Ltd.).
Next, the exposed regions are further irradiated with

2 for two

ultraviolet rays with a strength of 100 mJ/cm
hours at a temperature of 150 °cC, being completely
hardened.

20 According to the above method, the second
liguid flow path is uniformly and precisely formed on
each of the heater boards on the silicon substrate.

Next, a gold stud bump is formed on the
electrical joint of the heater.board using a bump

25 bonder (product of Kushu Matsushita Elecfric Co.,

Ltd.). Thereafter, the silicon wafer is cut using a

dicing machine AWD-4000 (product of Tokyo Seimitsu)



and high ejection efficiency, can be prevented. (Enbodi ment 9) Figure 16A
Is a Figure 16A is a schematic sectional view of a nmgjor part of a liquid
ej ecting 20 head according to a further enbodi nent of the present

i nvention. Figure 16Bis an is a schematic top plan view of a novable
portion used in novable portion, as seeA7+omthe ejection outlet side.
This enbodinment is different fromEnbodinent 7 in that a pit type 25 liquid
passage 4a enclosed by walls in four sides is in place of the second |iquid
flow path 4. In this enbodinent, after liquid ejection, the liquid is

-52- suppl i eceawipredcwpth @ yHe0dimmi thpek sdhemand piade. from the first
liquid flow path 3 through the opening 6¢ in the novabl e nenber 6. The size
of the openi MFRRTIFINI s ??c%@?éEFtb RFHi s ¥@HREof 2t FRB| BRPR #RBut 5

escapi ng the'gﬁgmﬁgﬁter board 1 are joined. Next, a compound
membei formed by bonding the grooved member 14a and
5 the separation wall 5 is precisely positioned on the
heater board 1 and bonded thereto.

When the above method is used, not only can
the liquid flow path be precisely formed, but it also
can be positioned without becoming misaligned relative

10 to the heater of the heater board. Since the grooved
member 14a and the separation wall 5 are bonded
together in a preceding step, the accuracy in the
positional relationship between the first liquid flow
path 3 -and the flexible member 6 can be improved. The

15 gmployment of these high precision manufacturing
technologies makes it possible to produce a liquid
ejection head capable of stable ejection, essential to
the improvement of print quality. Further, these
technologies allow a large number of heads to be

20 formed on the wafer at the same time, making it
possible to manufacture a large number of heads at low
cost.

In this embodiment, a dry film which can be-
hardened with ultraviolet rays was used to form the

25 second ligquid flow path 2, but a resin material, the
absorption band of which is in the ultravioclet ray

spectrum, in particular, near 248 nm, may be employed.



In this enbodi ment, the escape of the bubble generation pressure toward the
upstream side along the | ower part of the novable portion 6, can be
suppressed, and therefore, so that the bubble 10 generation pressure can
be efficiently directed toward the ejection outlet. Further nore, upon the
col | apse of bubble, the anount of the inR6éto be refilled is only the one
corresponding to the volune of the pit type liquid passage, so that the
refilling anount may 15 be small, and the high speed responsivity can be
acconpl i shed._According to this enbodiment, too, a liquid ejecting head of
hi gh ej ecti ontHoe® H %ﬁg%a%?ec¥#%nr%$%$c+%n%§r€%ﬂegeaEF%9éh%éas ( Head
Exanmple 1) 2 , Figure 17.is a _sch tic.pe ect i yi ew of an
“exanpl e of efﬁ?TﬂR?F%$Ec??%gHﬂ%%d 5%%0?%?ﬂﬁgt lgﬂlgnﬁigwn8ﬁ¥§ofsthe present
i nvention, | LY. | ecty a luralpty of

i qui d f|owm?a‘fﬁ%£ﬁbf|%#‘g%%uﬁ%%ﬁ‘§§ Jfﬁ%r%\?m}ﬁ{’ﬁﬁsn‘%%%e%f?v {’y. The

liquid ej ectigipifadihs LOLORE PYadiUPELKapSLT, BroRPRAEhQPa¥ALL 5 and an

orifice plate
5 resin using an excimer laser.

Figures 25A - 25E are schematic sectional
drawings depicting the steps of the manufacturing
method for the grooved member of the liquid ejection
head in accordance with the present invention.

10 Referring to Figure 25A, in this embodiment,
a 0.5 pm thick resist 22 is placed on a stainless
steel (SUS) substrate 21, in a predetermined pattern
having the same pitch as the ejection orifice. 1In
this embodiment, a resist having a diameter of 59 pm

15 is formed to yield an ejection orifice having a
diameter of 30 um.

Next, referring to Figure 25B, a nickel layer
23 is grown on the SUS substrate 21 to a thickness of
15 pm by electroplating. As'for the plating solution,

20 a mixture of sulfamic acid nickel, stress reducing
agent Zero Ohru (product of World Metal-Inc.), boric
ac}d, anti-pitting agent NP-APS (product of World
Metal Inc.), and nickel chloride, is used. As for the
means for applying an electric field, an electrode is

25 attached to the anode side, and the SUS substrate 21
on which pattering has been completed is attached to

the cathode side. The temperature of the plating



14 which are lam nated with gaps. Substrate 1 has a -53- supporting
menber of nmetal such as aluminumand a plurality of heat generating

el enents 2. Heat generating element 2 is in the formof an el ectrothermal
transducer el enent generating heat for 5 9enerating a bubble by film
boiling in the bubble generation quuid‘gupplied to the second liquid flow
path 4. The substrate 1 is provided with a wiring el ectrode for supplying
the electric signal to the heat generating elenent 2, and function el enents

such 10,25 LT BATAFL8h gihoER LAEl BAALEETARL ool 58508 b5 "o
B Oect! O, LR A% LeobelUELf. kel B BhEC! LBGphREERL 02T ol 0
a pair of novpllerPRiibRBa foSgrés iR PREOERiLRnEEE BERbction of
the resist, but also in the diameter direction of the
5 resist pattern, at the same speed. As a result, a
preferable diameter is realized for the ejection
orifice.
Next, referring to Figure 25C, a Dry Film
Ordyl SY-318 (product of Tokyo Ohka Kogyo Co., Ltd.),
10 that is, an ultraviolet sensitive resin film 24, is
laminated on the nickel plated substrate 21.
Then, referring to Figure 25D, a photomask 25
is placed on the dry film 24, and the dry film 24
shielded with the photomask 25 in the predetermined
15 pattern is irradiated with ultraviolet rays; the
regions which will be left as the liguid path walls
are irradiated with ultraviolet rays. This exposure
process is carried out using an exposing apparatus
MPA-600 (product of Canon Inc.), wherein the rate of

20 the exposure is approximately 600 mJ/cmZ.

Next, referring to Figure 25E,-the dry film
24 is developed using a developer BMRC-3 (product of
Tokyo Ohka Kogyo Co., Ltd.), which is a mixture of
xylene and butyl cellosolve acetate; the unexposed
25 regions are dissolved, leaving the regions hardened by

the exposure as the walls of the liquid flow paths.

The residue remaining on the surface of the substrate



generating el enent 2. Above the separation wall 5, an orifice plate 14
having ejection outlets 11 is provided with fl ow passage walls 15 for
constituting 20 the first liquid flow paths 3 sandw ched t herebetween. In
Figure 17, reference nuneral 12 designates a first common |iquid chanber
for supplying the ejection liquid through8the first supply passage 12a to
the first liquid flow paths 3. Designated by 13 is 25 second common |iquid
chanber for supplying the bubble generation quuid t hrough t he second

supply passa e 13a to the second I| ud flo at 4. Thus, the -54-
first common 15 RRMPEEAPEtERATNG ??u? %%ﬁ%ﬂ% cHR® oFUbFEFRERe plurality

ffi liquid fl hs d he, f1 |ls 15 h
Cepar i1 on weld® SERTEEMRSHY arancridy BB B erREIeA B 48he 0

Comcat) D1 A BEA) b Mo oCoSmhLO L8 L SHHEALIR duseparot o0 by

the plurality
Ltd.). Next, the exposed regions are further

5 irradiated with ultraviolet rays with a strength of
100 mJ/cm? for two hours at a temperature of 150 °C,
being completely hardened. Thus, 15 pm high walls are
formed. Next, the nickel layer 24 is separated from
the SUS substrate 21 by applying ultrasonic vibrations

10 to the SUS substrate 21, yielding a grooved member in
the predetermined form.

In this embodiment, the liquid flow path was
formed of resin material, but the grooved member may
be formed of nickel alone. In the latter case, the

15 regions of the dry film 24, which are not to become
the liquid path walls, are reméved in the step
illustrated in Figure 25D, and a nickel layer is
accumulated by plating on the surface created by the
removal of the "non wall" regions. Then, the resist

20 is removed. When the surface of the nickel 1ayer'
portion of the grooved member is placed-with gold, the
grooved member will be provided with much better
solvent resistance.

Figures 26A -~ 26D are.schematic sectional

25 drawings depicting the'steps of the liquid ejection
head manufacturing method in the second embodiment of

the present invention.



of flow passage walls (omtted in the Figure for explanation purpose) on
the substrate 1. In the manufacturing of the liquid ejecting 10 head shown
in Figure 17, a dry filmhaving a thickness of 15 [err]m (solid

phot osensitivity resin material) is placed on the substrate 1, and is
patterned to formthe fl ow passage wal | s7Bor constituting the second |iquid
flow paths 4. The material of the flow passage 15 wall nmay be any if it
exhi bits anti-solvent property against the bubbl e generation |iquid, and
the fl ow passage wall can be for | es of such materials include

l'iquid photosensitive F§§FﬁrﬁHSeFPaF19Hr§daﬁﬁvoﬁnt$hﬁﬁquP?deﬁﬂ ‘Ot her
| 20 l, | | _f | yet hyl
metal such asegdPaHis Pee%errbﬁeéieﬁﬁlaﬁ&pﬁﬂéiéd PoPoEIPLESRE substrate 1
and the separ {te n}g@n s%gt%?@@egbﬁd Eﬁ ft?x[a”}ag%te'}tne%rfaltht%“bs”ate and
at'i n

separation wa on wh e Kheal (dgene ng el éne 2 25 and the

novabl e porti QR-Bndr §i6@LEKEE bW BaSHLi oned with each other. The orifice
pl at e 14 havi ng tﬁe e] ection

5 Next, referring to Figure 26B, a nickel layer
is grown on the exposed surface of the SUS substrate
100 by plating, to a thickness of 15 pum, the same
thickness as the thickness of the resist 101. As for
the plating solution, a mixture of sulfamic acid

10 nickel, stress reducing agent Zero Ohru (product of
World Metal Inc.), boric acid, anti-pitting agent NP
APS (product of World Metal Inc.), and nickel
chloride, is used. As for the means for applying an
electric field, an electrode is attached to the anode

15 side, and the SUS substrate 21 on which pattering has
been completed is attached to the cathode side. The
temperature of the plating solution and the current
density are kept at 50 Oc and 5 A/cmz, respectively.

Next, referring to Figure 26C, after the

20 above described plating process is completed, the
nickel layer 102 portion is separated f;om the SUS
substrate by applying ultrasonic vibrations to the SUS
substrate, completing the second ligquid flow path with
predetermined specifications. When the surface of the

25 nickel layer portion is plated with gold after the
nickel layer portion 102 is separated, the second

liquid flow path will be provided with higher. solvent



-55- outlets 11 are fornmed from ni ckel through electro- formng. The
orifice plate 14 may be a grooved nenber having ejection outlets forned by
projecting exiner laserr to a nold of resin integrally having the 5 first
liquid flow path 3. The first liquid flow path 3 is forned by placing a dry
filmhaving a thickness of 25 [err]mon-8%e back side of the orifice plate
14 and patterning it. Thereafter, the orifice plate 14 is connected with
the integral substrate and separation 10 wall conbination, while the
ejection outlet 11 and the novable portion 6 are correctly positioned
relative to ERF-BLPRF® (Head Exanple 2) Figure 18 is a schematic

perSpective vien of Lot ehicudhel SRt 0d NEad SeoRrdlag. Lanan fbod o
foregoi ng hquléétféEﬁ£¥%air%%ansducers are formed on a silicon
wafer using a manufacturing apparatus similar to a
5 semiconductor manufacturing apparatus. The wafer on
which the heater boards have been formed is cut with a
dicing machine, separating individual heater boards as
described above. The separated heater bocard 1 is
bonded to a TAB tape to provide electrical wiring.

10 Next, referring to Figure 26D, the above described
member comprising the second liquid flow path is
precisely positioned on the heater board 1 which has
been prepared as described above, and fixed thereto.
During this positioning and fixing step, the strength

15 with which the member comprising the second liquid
flow path is fixed to the heater board 1 only has to
be enocugh to prevent them from displacing from each
other when the top plate is bonded thereon. This is
because during the later steps, the top plate on which

20 the separation walls have been fixed is placed on the
thus assembled heater board, and all coéponents are
firmly fixed together using a pressing spring.

In this embodiment, an ultraviolet ray
hardening type adhesive (product of GRACE JAPAN;

25 Amicon UV-300) is coated to the joint and is hardened
with an ultraviolet radiation apparatus. The rate of

exposuxre is 100 mJ/cmz, and the duration of exposure



novabl e portion 6 is an independent nenber rather than a pair. The defect
15d having the flow passage wall 20 15 functions as an opposi ng nenber.

In this enbodinment, a liquid ejecting head with the high ejection power and
hi gh ejection efficiency, is provided. (ggvable portion and separation

wal 1) 25 Figure 19A - Figure™9C are schematic top plan views of
liquid ejecting heads having a novabl e portions according to further
enbodi ments. Figure 19A -56- shows an exanpl e, wherein the novabl e

Exanpl o, wher EnaPRBOKURRFAY rERESP PESPBIBAngu ar wi th narrowed base.
Dot e o, ErcLy o oadeothen] b exTuBpeaCharlugPhateRnt o
rectangul ar wgbBcwigel @ﬁSQhEQrEhﬁBd@BeB%UCth”bﬂgya%an the second
liquid flow path be highly precisely produced, but
5 also can be positioned without becoming misaligned
relative to the heat generating member. In addition,
the liquid flow path wall is formed of nickel.
Therefore, it is possible to provide a highly reliable
and highly alkali resistant head.

10 Figures 27A - 27D are schematic sectional
drawings depicting the steps of the liquid ejection
head manufacturing method in the third embodiment of
the present invention.

Referring to Figure 27A, a resist 103 is

15 coated on both surfaces of a 15 ym thick stainless
steel (SUS) substrate 100 provided with alignment
holes or marks 104. As for the resist, PMERP-AR900, a
product of Tokyo Ohka Kogyo Co., Ltd., is used.

Next, referring to Figure 27B, the resist

20 _coated substrate 100 is exposed using an exposure
apparatus MPA-600 (product of Canon Inc:), and then,
the resist 103 is removed from the regions
correspondent to the second liquid flow paths and the
alignment holes 104. The rate of exposure is 800

25 mJ/cmz.

Next, referring to Figure 27C, the SUS

substrate 100 having a patterned resist 103 on both



the ful crumof the displacenent than the free end 6a side. 10

Wth the use of the novable portion 6 as shown in Figure 19B, the operation
of the displacenment is easier. Wth the novable portion 6 as shown in
Figure 19C, the durability of the novable portion is high. Fromthe
standpoi nt of both of easiness of the 1582gperation of the novable portion
and the durability of the novable portion, the width of the base portion 6b
side functioning as the fulcrum as shown in Figure 9A, is desirably

d ly. Fi 20 i .sch i c. I ' f the 20
rect angul ar  mOVABPESFort: GRRBTSRE" R S0 ACOURSr 20903 I BRERE 2 Shown i n
Figure 19A, a A1 oH (&%\nrfléﬁ,ggjrce%%ﬂg%.%t qu_t cﬁ}b@q_,c :c%%%%g_\gé)he posi ti onal

rel ati on t herebétween. ectively use € .generation

pressure, theg bRV alhe RAL! bBRT iBnd’ Got° cottrBRIRY kel BRs]isk er ent
A ec Bl

directions so that The portion right above the e I ve bubbl e generating
region of theipgat agenehahn, NEnel eERAst? iisS removiedd by

5 Next, referring to Figure 27D, the etched SUS
substrate 100 is positioned on the heater board 1, and
is fixed thereto, completing a liquid ejection head
comprising the second liguid flow path'4, in the same
manner as the manufacturing method described in the

10 preceding embodiment.

According to this embodiment, not only can
the second liquid flow path be formed with high
precision but also can be positioned without becoming
misaligned relative to the heater. In addition, the

i5 liquid flow path is formed of stainless steel.
Therefore, it is possible to provide a highly reliable
as well as highly alkali resistant liquid ejection
head.

According to the head manufacturing method

20 described above, the walls of the second liquid flow
path are formed on the element substrat; in advance,
making it possible to accurately position the
electrothermal transducer and the second liquid flow
path relative to each other. Further, the second

25 liquid flow path can be formed on a large number of
the element substrates collectively plotted on the

substrate wafer before the substrate wafer is_diced



-57- the novable portion, that is, the novable ends thereof are opposed to
each other. In this enbodi nent, the novable portions 6 have the sane
configurations and are arranged synmetrically, but a plurality of novable 5
menbers having di fferent configurations gsy be used. The novabl e portions
may be asymmetrical if the durability of®he novabl e portion is high, and
the ejection efficiency is high. By making the total area of the novable
portion larger than the total area of 10 the heat generating surface of

t he heat gene%g{% geggggggtgigg y goaigﬁggtngugg%rg% grun1of t he novabl e

portion outsi eglon I Ve enerating region of the

heat gener at i figo 288881 | atbsrséeﬁahﬂgreaf:' £Le05H ga%crt%nd HeaRk! Lhy of the
In the

liquid 15 ejecting head are T nprove avin e opposed
nmovabl e portip@spasveleVat| Nowi 89s€.7 and the like, it is preferable that

the slit is relatively narrow, from
Further, in the liquid ejection head
5 manufactured by the manufacturing method described in
this embodiment, the heat generating member and the
second liquid flow path are positioned relative to
each other with high precision; therefore, the
pressure from the bubble generation caused by the heat
10 generation of the electrothermal transducer is
effectively transmitted, making the head superior in
ejection efficiency.
{Liguid Ejection Head Cartridge)
Next, a liquid ejection head.cartridge in
15 which the liguid ejection.head in accordance with the
preciding embodiments is mounted, will be concisely
described.
Figure 28 is an exploded schematic view of
the liguid ejection head cartridge comprising the
20 aforementioned liquid ejection head. Essentially, the
liquid ejection head cartridge compriseé a liquid
ejection head portion 200 and a liquid container 80.
The liquid ejection head portion 200
comprises an element substrate 1, a separation wall
25 30, a grooved member 50, a liquid container 90, a
circuit board (TAB tape) 70 for supplying an electric

signal, and the like. On the element substrate 1, a



t he standpoint of the inprovenent in the ejection 20 efficiency. It is
preferable that a |ine passing through the center of the heat generating
surface of the heat generating el ement and perpendicular to the heat
generating surface is close with a line %323|ng t hrough the center of the
region of the gap between 25 the free € and perpendicular to the gap
region, and it is further preferable that these |lines are substantially
over | apped. Further it is preferable -58- that a |ine passing through

the center F“RS ?eg?hg%% ga%g ag:gsgf rlug %q__t S’qs'h%tl [P%at enent

and perpendlcu Sheraty ng sur ace ass

ej ection outl gp, tﬁ%dbhbb'lé E;%hh%h@np% e ap! ‘i»‘-et '&%gh*é%l A ‘is%n% g line
perpendicular to t ection outlet through t e center of the ejection
outlet are ovehbaameﬁenhnshbgthaeé h@vanau}nbaroae ot tTenall e
elements for selectively driving these heat generating
5 resistors are provided. A liquid flow path is formed
between the element subsfrafe 1 and the separation
wall 30 comprising the flexible member, and the bubble
generation liquid flows through this liguid flow path.
The ejection liquid path (unillustrated), that is, the
10 liguid path through which the liguid to be ejected
flows, is formed as the separation wall 30, the
grooved member 50, and the liquid delivery member 80
are joined. Both liquids are supplied through the
liquid delivery member 80, being routed behind the
15 substrate 1.
| The liquid container 90 separately contains
the liquid such as ink, and the bubble generation
ligquid for generating bubbles, both of which are
delivered to the liquid ejection head. On the
20 exterior surface of the liquid container 90, a
positioning member 94 is provided for lécating a
connecting member which connects the liquid ejection
head and the liquid container. The TAB tape 70, which
is attached after the head portion is positioned on
25 the liquid container 90, is fixed to the surface of
the liquid container 90 using a double face adhesive

tape. The ejection liquid is delivered to the first



portion as shown in Figure 14B or the |like and the 10 opposi ng defect
thereto, it is preferable that a |ine passing through-the heat generating
surface of the heat generating el enent and perpendi cul ar to the heat
generating surface, penetrate the one slg novabl e portion. Additionally,
it is preferable that a line 15 passing Yhrough the center of the heat
generating surface and vertical to the heat generating surface, penetrates
the ejection outlet, and it is further preferable that the line and a |line

passing thr Olgtddle FRAAS Hadiie: BPChAPLAUAS e A YEs 1 £8h1g0 Lhe 20

ejection outlet are substantially overl apped. Figu 1A - Figure 21Cis a

schemati c topidd Bred Qath |9BtsAtERE Pigeid | GoMiediner ] NtNEi g81Peéryess than
t hree novabl e portions 6 are used for one bubble generation region, and

Figure 21A shaywh &84 5f et dontdct i@ angiiset ) csd Thguspeddfoshows an
exanpl e of four positions, and show shows an exanple of six positions. The
nunber of thdimviabldehiveérynsath of the liquid delivery member 80,
5 in this order. The bubble generation liquid is
delivered to the second common liquid chamber by way
of the delivery path 83 of the liquid container, the
supply path of the connecting member, and the bubble
generation liquid path 82 of the liquid delivery
10 member 80, in this order.

In the foregoing, the description was given
with reference to a combination of the liquid ejection
head cartridge and the liquid container, which is
capable of separately delivering or containing the

15 bupble generation liquid and the ejection liquid when
the bubble generation liquid and the ejection liquid
are different. However, when the ejection liquid and
the bubble generation ligquid are the same, it is
unnecessary to provide separate delivery paths and

20 containers for the bubble generation liquid and the
ejection liquid. )

Incidentally, the liquid container described
above may be refilled after each liquid is consumed.
Iin order to do so, it is preferable that the ligquid

" 25 container is provided with a liquid filling port.

Further, the liguid ejection head and the liquid

container may be inseparable or separable.



-59- 6 is not limted unless a problemarises in manufacturing. In any
cases, the novable portions 6 are arranged in a radial fashion so that the
pressure produced by the bubble is applied uniformy to the 5 novable
portions 6, and the fulcrumside is nmade_agrcuate to acconplish better
operation and the durability. By the adjgzent radi al arrangenent of the
val ve-1i ke novabl e portion 6, |large size droplets can be ejected with high
efficiency. The plurality of 10 novable portions 6 can be determnned by

one skilled in the artgi guggc gdggcg ghrgm%Qg dagqgg%&aggohthdroplet (dot

size) to be ejected. As Tor the materia e separation wa I ncl udi ng

the nmovabl e p@§ghH98. egaﬁtﬁﬁbeﬁbéhcbsuﬁéﬁbhﬁt%5thbfabbv@&%é@@flhéﬂlVent ,
property agai nst the bubbl e generation liquid and the ejection liquid, it

has an el astigigiiguejabtengohegBer athofthas bhoodaweabits paetion, and it is
suitable for formation of the fine slit.

ejection liquid is ink, and the apparatus is an ink

5 ejection recording.apparatus. The ligquid ejecting
device comprises a carriage HC to which the head
cartridge comprising a liquid container portion 90 and
liquid ejecting head portion 200 which are detachably
connectable with each other, is mountable. The

10 carriage HC is reciprocable in a direction of width of
the recording material 150 such as a recording sheet
or the like fed by a recording material transporting
means.

When a driving signal is supplied to the

15 liquid ejecting means on the carriage from unshown
driving signal supply means, the recording liquid is
ejected to the recording material from the liquid
ejecting head in response to the signal.

The liguid ejecting apparatus of this

20 embodiment comprises a motor 111 as a driving source
for driving the recording material tranéporting means
and the carriage, gears 112, 113 for tranémitting the
power from the driving source to the carriage, and
carriage shaft 115 and so on. By the recording device

25 and the liquid ejecting method using this recording
device, good prints can be provided by ejecting the

liquid to the various recording material.



20 Preferabl e exanples of the materials for the novabl e nenber

I ncl ude durable materials such as netal such as silver, nickel, gold, iron,
titanium alum num platinum tantalum stainless steel, phosphor bronze or
the like, alloy thereof, or resin 25 magerial having nitrile group such as
acrylonitrile, butadiene, stylene or the like, resin material having am de
group such as polyam de or the like, resin -60- material having carboxyl
such as pol ycarbonate or the like, resin material having al dehyde group

such as polyacetal or Fhgukrkk80 K8ShNLIBERN Gdkhghaw BorSdekerepingup such as
pol ysul fone, resin material such as 5 liquid crystal polyner or the liKke,

or chem cal cenpogefleiradr epbrattiofnbér el Snkaejegtdonhaledordiagai nst. t he
i nk, such as netal such as gold, tungsten, tantalum nickel, stainless
steel, titani appaabitoy whéchoempiraysr thesldqatiddejechisnc metkbdl,, resin
and the liquid ejection héad, in accordance with the
5 present invention.
The recording apparatus receives printing
data in the form of a control signal from a host
computer 300. The printing data is temporarily stored
in an input interface 301 of the printing apparatus,
10 and at the same time, is converted into processable
data to be inputted to a CPU 302, which doubles as
means for supplying a head driving signal. The CPU
302 processes the aforementioned data inputted tb the
CPU 302, into printable data (image data), by
15 processing them'with the use of peripheral units such
as RAMs 304 or the like, following control programs
stored in an ROM 303.
Further, in order to record the image data
onto aﬁ appropriaté spot on a recording sheet, the CPU
20 302 generates driving data for driving a driving motor
which moves the recording sheet and the-recording head
in synchronism with the image data. The image data
and the motoi driving data are transmitted to a head
200 and a driving motor 306 through a head driver 307
25 and a motor driver 305, respectively, which are
controlled with the proper timings for forming an

image.



10 material having am de group such as pol yam de, resin material having

al dehyde group such as polyacetal, resin material having ketone group such
as pol yet heret herketone, resin material having imde group such as
polyimde, resin material having 15 hydroxyl group such as phenolic resin,
resin material having ethyl group such a§8polyethylene, resin materi al
havi ng al kyl group such as pol ypropyl ene, resin material having epoxy group
such as epoxy resin material, resin material having am no group such as 20

o am e feSin L er) dh 681 ReaBLalagl B0 DB AL SENROHERRES |

xyl ene resin material, Chentca eré cer

silicon dioxi%§ fﬁkcbgn%&ﬁéﬁ ?pPﬁgﬁdwﬁggﬁegg.ugggigrﬁgtﬁ.gxanples of

partition or vision 2 ude resin material having high heat-

resistive, high-8RiingohysatathoPshdy A8dtheIBn80aEEE01BEEPEbbYe, TOT €
particularly recent engineering plastic

the following can be listed; various sheets of paper:;

5 OHP sheets; plastic material used for forming compact
disks, ornamental plates, or the 1like; fabric;
metallic material such as aluminum, copper, or the
like; leather material such as cow hide, pig hide,
synthetic leather, or thé like; lumber material such

10 as solid wood, plywood, and the like; bamboo material;
ceramic material such as tile; and material such as
sponge which has a three dimensional structure.

The aforementioned recording apparatus

includes a printing apparatus for wvarious sheets of

15 paper or OHP sheet, a recording apparatus for plastic
material such as plastic material used for forming a
compact disk or the like, a recording apparatus for
metallic plate or the like, a recording apparatus for
leather material, a recording apparatus for lumber, a

20 recording apparatus for ceramic material, a recording
apparatus for three dimensional recordiﬁg medium such
as sponge or the like, a textile printing apparatus
for recording images on fabric, and the like recording
apparatuses.

25 As for the liquid to be used with these
liquid ejection apparatuses, any liquid is usable as

long as it is compatible with the employed recording



-61- resin materials such as pol yethyl ene, polypropyl ene, pol yam de,

pol yet hyl ene terephthal ate, nelam ne resin material, phenolic resin, epoxy
resin material, polybutadiene, polyurethane, polyetheretherketone, 5

pol yet her sul fone, polyallylate, polyimde, polysulfone, liquid crystal

pol ymer (LCP), or chem cal conpound ther&bf, or netal such as silicon

di oxide, silicon nitride, nickel, gold, stainless steel, alloy thereof,
chem cal compound thereof, or materials 10 coated with titanium or gold.
The thickness of. the sgf ration wall is determ ned depending on the used

material and Wurdft & S iTO5% - sufficient strength as
the wall and | .Ci ratyvity as the 15 novabl e nenber, and
GUEN S8

general ly, O. err ] mapprox. is desirable. As for width of the

slit 35 for providi ngﬁé}&nné@tgd%@e %eﬁﬁ&é%\#%lﬁnx ration

l'iquid and ejection !iqU|d are _ ure of the
liquids is tquPe ayoidiathridiis 9a3thich records images on recording

5 medium, using, as the recording head, the liquid
ejection head in accordance with the present
invention.

Figure 31 is a schematic perspective view 6f
an ink jet recording system employing the
10 aforementioned liquid ejection head 201 in accordance
with the present invention, and depicts its geﬁeral
structure. The liquid ejection head in this
embodiment is a full-line type head, which comprises
rlural ejection orifices aligned with a density of 360
15 dpi so as to cover the entire recordable range of the
recording medium 150. It comprises four heads, which
are correspondent to four colors; yellow (Y), magenta
(M), cyan (C) and black (Bk). These four heads are
fixedly supported by a holder 1202, in parallel to
20 each other and with predetermined intervalsi
These heads are driven in respénse to the
signals supplied from a head driver 307, which
constitutes means for supplying a driving signal to
each head.
25 Each of the four color inks (¥, M, C and Bk)
is supplied to a correspondent head from an ink

container 204a, 204b, 205c or 204d. A reference



determned so as to forma neniscus between the |iquids, thus avoiding

m xture therebetween. For exanple, when the bubble generation liquid has a
viscosity about 2 cP, and the ejection liquid has a 25 viscosity not |ess
than 100 cP, 5 [err]mapprox. slit is enough to avoid the liquid m xture,
but not nore than 3 [err]mis desirabler90- -62- In this invention, the
novabl e nmenber has a thickness of [err]morder as preferabl e thickness.
When a slit is formed in the novabl e nenber having a thickness of pm order,

and the slit has the width (W5 Jerr of the order. of the thickness of
fhe movabi e dudBRraL; $0§8 "4tai Fantes & hefel e REabAPR ationLd ' he
and/ or | at er SPORERERST TREEUSOR cCherBarbTE SepaPRERER, Liauff 1567C °
equival ent 1 Ogd PR L PLEKPESEadh nead.
Below each head, a head cap 203a, 203b, 203c
5 or 203d_is disposed, which contains én ink absorbing
member composed of sponge or the like. They cover the
ejection orifices of the corresponding heads,
protecting the heads, and also maintaining the head
performance, during a non-recording period.
10 A reference numeral 206 designates a conveyer
belt, which constitutes means for conveying the
various recording medium such as those described in
the preceding embodiments. The conveyer belt 206 is
routed through a predetermined path by wvarious
15 rollers, and is driven by a driyer roller connected to
a motor driver 305.
The ink jet recording system in this
embodiment comprises a pre-printing processing
apparatus 251 and a postprinting processing apparatus
20 252, which are disposed on the upstream and downstream
sides, respectively, of the ink jet recérding
apparatus, along the recording medium con?eyance path.
These processing apparatuses 251 and 252 process the
recording medium in various manners before or after
25 recording is made, respectively.
The pre-printing process and the postprinting

process vary depending on the type of recording



t he novabl e nenber, the relation between the slit width and the thickness
Is preferably as follows in consideration of the variation in the

manuf acturing to stably suppress the liquid m xture between the bubble 15
generation liquid and the ejectionlitnncg%y%en t he bubbl e generation

liquid has a viscosity not nore than 3cp,”and a high viscous ink (5 cp, 10

cp or the like) is used as the ejection liquid, the mxture of the 2
| i qui ds can be suppressed for a long termif Wt [err] 1 20 is satisfied.

The slit pr ovin@&% hﬁ#&?ﬂl&aw tei %f s_,&ﬁé _i NGgr pg%laebl qu sever al

m crons w dth, sinc€ m Xt ure prevention 1S ‘assured. \Wen the

ej ection |1 quixh e duHire Rinp HEEGH it d1 10 G Separ ated, the

novabl e menber functions as a partition therebetween. However, a snall

amount of the Jiydie GRARIEEION ddr@idi® infatiivéd or the like is
enmployed, the recording medium is exposed to ultra-

5 violet rays and ozone before printing, activating its
surface.

In a recording material tending to acguire
electric charge,'such as plastic resin material, the
dust tends to deposit on the surface by static

10 electricity, the dust may impede the desired
recording. In such a case, the use is made with
ionizer to remove the static charge of the recording
material, thus removing the dust from the recording
material. When a textile is a recording material,

15 frdm the standpoint of feathering prevention and
improvement of fixing or the like, a pre-processing
may be effected wherein alkali property substance,
water soluble property substance, composition
polymeric, water soluble property metal salt, urea, or

20 thiourea is applied to the textile. The pre-
processing is not limited fo this, and it may be the
one to provide the recording material with the proper
temperature.

On the other hand, the post-processing is a

25 process for imparting, to the recording material
having received the ink, a heat treatment, ultraviolet

radiation projection to promote the fixing of the ink,



into the ejection liquid. In the case of liquid ejection for printing, the
percentage of the mxing is practically of no problem if the percentage is
| ess than 20 % 5 Therefore, the present invention covers the
case where the mxture ratio of the bubble generation |liquid of not nore
than 20 % In the foregoing enbodi ment s 92he maxi num mi xture ratio of the
bubbl e generation liquid was 15 % 10 even when various viscosities are
used. Wth the bubble generation liquid having the viscosity not nore than

5 , th i xt ti 10 t th th hit
i fFerent i1 DReRaFiorHGas: LaGeREYOTLng, EREr BROCCTRCPAFRELS HREH can be 15

d db h h bel
20 ops (for ceabpPBenBroybreaEhRkt ogs FoBhgil n obb Al 1 42 e moe bl o

generation "9&5@%13?6” the ejection liquid and the bubble 20 generation
liquid are the sane liquid, various liquid materials are usable, if it is

not deteriorated by then this embodiment, the head is a full line
5 head, but the present invention is of course
applicable to a serial type wherein the head is moved
along a width of the recording material.
{Head Kitf
Hereinafter, a head kit will be described,

10 which comprises the liquid ejection head in accordance
with the present invention. Figure 32 is a schematic
view of such a head kit. This head kit is in the form
of a head kit package 501, énd contains: a head 510 in
accordance with the present invention, which compr;ses

15 an ink ejection section 511 for ejecting ink; an ink
container 510, that is, a liquid container which is
separable, or nonseparable, from the head; and ink
filling means 530, which holds the ink to be filled
into the ink container 520.

20 After the ink in the ink container 520 is
completely depleted, the tip 530 (in thé form of a
hypodermic needle or the like) of the ink filling
means is inserted into an air vent 521 of the ink
container, the junction between the ink container and

25 the head, or a hole drilled through the ink container
wall, and the ink within the ink filling means is

filled into the ink container through this tip 531.



heat inparted by the heat generating el enent; accumul ated material is not
easily deposited on the heat generating elenent; the state change of 25
gassification and the condensation are reversible; and the liquid flow
path, novabl e nenber or separation wall or the like are not deteriorated.
For recording, -64- the liquid used i7®3x conventional bubble jet device
as.recording liquid, is also usable in this invention. On the other hand,
eve if the ejection liquid and the bubble generation liquid are di f f er ent

liquid 5 materi al I id b t he di spl t
of "the movabl e por | on WERAC ke 16 3%@@%%3&&%?%&&63% e bubble
t f bl t her ef t
P i 0 such aSCREPYRRy SRE Gritc G A ER MRS ¢ RECL G ie, il B30T ot on | <
not sufficient dR9aniean2RRk! FBThOBe A"Hkit"YUortdifed 1% FrRCW1QY POV IS

not
package, the ink can be easily filled into the ink

5 depleted ink container as described above; therefore,
recording can be quickly restarted.

In this embodiment, the head kit contains the
ink filling means. Howe#er, it is not mandatory for
the head kit to contain the ink filling means; the kit

10 may contain an exchangeable type ink container filled
with the ink, and a head.

Even though Figure 32 illustrates only the
ink filling means for filling the printing ink into
the ink container, the head kit may coﬁtain means for

15 filling the bubble generation liquid into the bubbie
generation liquid container, in addition to the
printing ink refilling means.

While the invention has. been described with
reference to the structures disclosed herein, it is

20 not confined to the details set forth and this
application is intended to cover such mbdifications or
changes as may come within the purposes of the

improvements or the'scope of the following claims.

25



sufficient, can be ejected at high ejection efficiency and with high

ej ection pressure by supplying this liquid in the first liquid flow path
and supplying, to 15 the second liquid flow path as the bubbl e generation
l'iquid, the good bubble generation liquid (a mxed liquid of ethanol and
water at 4:6, having a viscosity of 1 - =24ps approx., for exanple). The
liquid easily influenced by heat can be 20 ej ected at high ejection
efficiency and with high ejection pressure without thermal damage to such

liquid, if su I qui d.i pplJ.ed to the first liquid flow path, and the

| i qui d not eaSt+Fy— *t he heat but havi ng good bubbl e generation
property, is 25 uppl ined ;t.q.tshe . L.qu o fl \Various |iquid
materials are usable, ﬁfqﬁbgﬁg %8%%§g%%}h%¥g¥gﬁ g&%ﬁ%?%%ﬁ%’inparted by the
heat - 65- generatlngrgygaggb;aagggg*&g%@dhggggglglhb%tnot easily

generating surface for generating_heat for generating
5 a bubble in liquid:
providing a movable member having a free end;
~providing an ejection outlet for ejecting the
liquid using the generation of the bubble, the
ejection outlet being opposed to the substrate with
10 said movable member interposed therebetween;
disposing the free end df the movable member
at a downstream side with respect to a direction of
flow of the liquid to the ejection outlet; and
wherein the bubble displaces the free end of
15 the movable member, and grows toward the ejection

outlet to eject the liquid.

2. A method according to Claim 1, wherein the
substrate and the ejection outlet are substantially

20 parallel with each other.

3. A method according to Claim 1, wherein the
heat generated by the heat generating surface causes
film boiling of liquid to dreéte the bubble.

25
4, A method according to Claim 1, wherein the

bubble expands toward the ejection outlet beyond an

A RN O



deposited on the heat generating el enent; the state change of gassification
and the condensation are reversible; and the liquid flow path, novable
menber 5 or separation wall or the |ike are not deteriorated. Mre
particul arly, exanples of such Iiquids include nethanol, ethanol,
n- propanol , isopropanol, n-hexane, n-hep9§ﬁe, n- oct ane, toluene, xylene,
nmet hyl ene dichloride, trichlene, Freon TF, Freon BF, ethyl 10 et her,
di oxane, cycl ohexane, nethyl acetate, ethyl acetate, acetone, nethyl ethyl
ketone, water_.or_ the like or a nmixture of them for the ejection |iquid,
vari ous Iiquian?glﬁgagpﬁlFFpﬁsBgLFbﬁem8VaPh8rWﬁpﬁ%Fbperty or of the 15
bubbl e generation property. The liquid having | ow bubbl e generation
property, the liquid which is easily deteriorated or influenced by heat or
t he hi gh viscous ki quig, ' : Iyl lsected elof can be
ej ect ed. Fbmever,gft ig gé@#??b?%E?Egéngﬁzbzglgygﬁéétrgﬁ%%%gbgﬁgmbeneration
or the operattfng fbvhbeeRumBLe P8’ bb9A 'aiﬁghaaﬁﬁkr%ﬁkﬁ%n@bIEDQSBJeCtlOn
liquid per se or by the reaction with tﬁe bubbl e

5 contacted to the movable member.

6. A method according to Claim 1, wherein
different liquids are supplied into a space at one
side of said movable member and into a space at the

10 other side of said movable member, respectively.

7. A method according to Claim 1, wherein_the
same iiquids are supplied into a space at one side of
said movable member and into a space at the other side

15 of said movable member, respectively.

8. A liquid ejecting method, compriéing:
providing a heat generating surface for
generating heat for generating a bubble in liquid;
20 providing a movable member having a free end;
providing an ejection outlet f;r'ejecting the
liquid using the generation of the bubble, the
ejection outlet being opposed to the heat generating
surface with said movable member interposed
25 therebetween;

disposing the free end of the movable member

at a downstream side with respect to a direction of

L



generation liquid. As for the reaction for the however, bubble generation
novabl e portion of is 25 usable. Oher exanples of ejection liquid
i ncl ude pharmaceuticals, perfume such as which is easily influenced by

heat . -66- The head shown in Figure 1 was driven with voltage of 25 V
and at 2.5 kHz using: The bubbl e generatPén |iquid which was the
above-descri bed m xed |iquid of ethanol and water; 5 Ej ection

i quid which was dye ink (2 cps), pignent ink (15 cps), polyethylene glycol
200 | yet pyl . 600 | t,.sati j ecti

200 o1 ool Vel pyLETE UkEo) 0000 £ By oalbbriRLpRLESES dad) oL 00 V0,
the fol | owl ng conbl ”atlaﬁgﬁgint@ﬁe'bﬂﬂbﬁé §2LpilEeBUPRLesOERERL' g8 | 1 QUi d

and the ejection |iqui
the movable member, and grows toward the éjection

outlet to eject the liquid.

5
9, A method according to Claim 8, wherein the
substrate and the ejection outlet are substantially
parallel with each other.
10 10. A method according to Claim 8, wherein the

heat generated bf the heat generating surface causes

film boiling of ligquid to create the bubble.

11. A method according to Claim 8, wherein the
15 bubble expands toward the ejection outlet beyond an

initial position of the movable member.

12. A method according to Claim 8, wherein when
the movable member is being displaced, the bubble is

20 contacted to the mowvable member.
13. A method according to Claim 8, wherein
different liquids are supplied into a space at one
side of said movable member and into a space at the

25 other side of said movable member, respectively.

14. A method according to Claim 8, wherein the

L



aresult, the liquid having a ten and several cps viscosity, which was
unable to be ejected heretofore, 15 was properly ejected, and even 150
cps liquid was properly ejected to provide high quality imge. Bubble
generation liquid 1: Ethanol 40 wt. % Water

60 wt. % 20 Bubbl e generation |iquid 297vat er

100 wt. % Bubbl e generation liquid 3: |sopropyl alcoholic

10 wt. % Water 90 wt. % 25 Ej ection |iquid

1: (Pignent ipk approx. .15 ¢cp) on . bl . 5 wt.
o TG FAmEPELON g 2atl) SBE PR LAEK o space At ome side g
1w. % said movable member and into a space at the other side

of said movable member, respectively.

5 15. A liquid ejection head comprising:
a substrate having a heat generating surface
for generating heat for_geﬁerating a bubble in liquid;
a movable member having a free end;
an ejection outlet for ejecting the liquid
10 using the generation of the bubble, the ejection
outlet being opposed to the substrate with said
movable member interposed therebetween;
an opposing member cooperable with the
movable member to direct the bubble toward the
15 ejection outlet, wherein said opposing member opposes
to such a side of the movable member as is near to the
heat generating surface when the free end of the

movable member is displaced by the bubble.

20 16. An ejection head according to Claim 15,
wherein a member defining the ejection outlet and the
heat generation surface are substantially parallel

with each other

25 17. An ejection head according to Claim 15,
wherein the opposing member is a second movable member

having a free end, and the free ends of the movable

L



Di spersion material (oxide 140, weight average nol ecul ar weight) 5

Mono- et hanol am ne 0.25 wt. % dyceline

69 wt. % Thi odi gl ycol 5 w. % Et hano

3 w. % Water 16.75 wt. % 10 Ej ection
liquid 2 (55cp): Polyethylene glycol 20078~ 100 wt. % Ej ection
liquid 3 (150cp): Pol yet hyl ene gl ycol 600 100 wt. % Further,
the use was nade with the foll ow ng 15 liquid which is usable both for
the ejection a | £,0 a I the results were
t hat hi gh qua +#@§é?%agg§ ag?gggécg?dggsﬁe%gﬁgg ggﬂhlgha?%k ej ection speed.
Dye ink (V|509§é£4bgiwgeﬁps) 20 hoodbl ack 2 dye

3 wm. %Diethyl ene glycol 10 wt. % Thi odi gl ycol

5 wt. % Et hanol 3w. %

18. An ejection head according to Claim 17,

5 wherein a first line perpendicular to the heat
generating surface and passing through a center of the
heat generating surface, and a second line
perpendicular to the gap and passing.through a center

of the gap, are close to each other.

10
19. An ejection head according to Claim 18,
wherein said lines are substantially overlapped with
each other.
15 20. An ejection head according to Claim 17,

wherein said first line penetrates the ejection

outlet.

21. An ejection head according to Claim 20,
20 wherein said first line and a line perpendicular to
the ejection outlet and passing through.a center of
the ejection outlet are substantially overlapped with

each other.

25 22. An ejection head according to Claim 15,

wherein the opposing member is a wall.

N



Wat er 77 Ww. % 25 In the case of
the liquid which is not easily ejected heretofore, the ejection speed is
| ow, and therefore, the variation of the ejecting directions is - 68-
relatively larger with the result of variations of the shot positions of
the droplets and variation of the ejectrgﬁ‘annunts due to the ejection
instability, and therefore, the inmage quality is not very high. 5
However, according to the enbodi ment, the generation of the bubble is

t abl d fficient.,Therefor h h cura the.Liquid dropl et
?saingrgCed?uanhC%§2 i AR %?%E??%% %ﬁ%ﬁﬁ 8%?%§%§gi%¥z§é?lwhaé'?enarkabﬁy

[ [ th ' ELY. t ei nafter,
Lhe ot r o ur BEFECEECEaL 8RGO AL pllletratbETERL RHRALIE fenbBEC "R |
appl ying heat to the_liquid wi |l be descri bed.

24. An ejection head according to Claim 22,
5 wherein said first line penetrates the ejection

outlet.

25. An ejection head according to Claim 24,
wherein said first line and a line perpendicular to
10 the ejection outlet and passing through a center of

the ejection outlet, are substantially overlapped,

26. An ejection head according to Claim 15,
wherein liquid flow paths are formed at one side of
15 said movable member and at the other side of said

movable member, respectively.

27. An ejection head according to Claim 26,
wherein the movable member is a part of a separation

20 wall between the liquid flow paths.

28. An ejection head according to Claim 26,
wherein the liquid flow paths are substantially
harmetically separated from each other.

25
29. An ejection head according to Claim 26,

wherein different liquids are supplied to the ligquid

* c L M s *



Fi gures 22A and 22B are sectional views of 15 the elenent substrate of
the liquid ejection head in accordance with the present invention. Figure
22A depicts a portion of a head el ement substrate 1 provided with a
protective film which is on an el ectrothermal transducer conprising the
heating 20 menber. Figure 22B depict§44"héad el ement substrate 1
provided with no protective film A layer of silicon oxide or silicon
nitride is formed as a bottomlayer 66 on a substrate 67 of silicon or the
i ke, for the foi | aLd. nd 25 heat accumul ation. On the
bottom | ayer g@?%gggﬁﬁ%’-rgggfg%gr%f ‘thick heat generating resistor |ayer
65 (heat generating nenber 2) conposed of hafnium boride - 69-
(HfB[err]), tantalumnitride (TaN), tantalum al um num (TaAl), or the liKke,
and a 0.2 - 1.0 pmot.hi s RAERRRA Ndd MERIREIHP A0 ThPfm algm num or the
li ke, -

wherein the same liguids are supplied to the liquid

5 flow paths, respectively.

31, An ejection head according to Claim 15,
wherein the liquid is supplied to the heat generating
surface along an inner wall substantially flush with

10 the heat generating surface.

32. An ejection head according to Claim 15,
wherein an area of the movable member is larger than

an area of the heat generating surface.

15
33. An ejection head according to Claim 15,
wherein said movable member has a fulcrum portion at a
position away from a region of said heat generating
surface.
20

34. An ejection head according to blaim 15,

wherein the movable member is in the form of a plate.

35. BAn ejection head according to Claim 15,

25 wherein the movable member is of metal.

36. An ejection head according to Claim 35,

(O



are lamnated. As voltage is applied to the heat 5 generating resistor

| ayer 65 through these two wiring electrodes 64, a current flows through
the heat generating resistor |layer 65 | ocated between two el ectrodes 64,
whereby heat is generated. In the case of the structure depicted in 10
Figure 22A, the 0.1 - 2.0 pmthick protedflve | ayer 63 of the silicon
oxide, silicon nitride, or the like is formed on the heat generating
resistor |ayer, at |east between the wiring electrodes 64. Further, a 0.1 -

0.6 [err]mthigk anti;cavitation | aye f tantglumor the 15 like is
deposited on Vﬁgrﬁ?ﬂtggFiWE%F;yéF ﬁ%?kﬁ oPébFFﬁ ‘at | east the heat
generating resistor layer 65 fromvarious |iquids such as ink. The reason
why netallic material such as tantalumis used as the anti-cavitation |ayer

62 is that the pr??zgggng?ggcggogogeahhgcggggﬁﬁﬁﬁqg,Qﬁ@g&@?gg during the

generation and co the bubble 1s extrenely powertu being liable

to drastical | yndebehi ehat flovEB1dUmakbkirt ¥ sOfrelbi® @aitda-ifdil.m which is hard
and brittle. Figure 22B depicts a heat el ement substrate 1

5

38. An ejection head according to Claim 15,

wherein the movable member is of ceramic material.

39. An ejection head according to Claim 26,
10 further comprising common liquid chambers for
containing the liquids to be supplied to the ligquid

flow paths.

40. An ejection head according to Claim 15,
15 wherein the heat generating surface is of an
electrothermal transducer for converting electric

energy to heat.

41. An ejection head according to Claim 15,
20 wherein the heat generated by the heat generating
surface causes film boiling of liguid to create the

bubble.

42. A liquid ejection head comprising:
25 a heat generating surface for generating heat
for generating a bubble in liquid;

a movable member having a free end;

L



25 without the protective |layer 62; the protective layer or the like is
not mandatory. As for the heat generating resistor |ayer material which
does not -70- require the protective |ayer described above, netallic
alloy material such as iridiumtantal umal um num alloy can be naned. In
other words, the structure of the heat 5 X¥rerating nenber in accordance
with the present invention nay conprise the protective |layer which is

pl aced over the heat generating portion of t he heat generating resistor

| ayer, between the w ring el ect.rodes hIS not, man ory. 10
In this embodi nent, th@"m?é’te a:é’r?é‘r e er®i&F tc’&%?‘fq?eut ed of a heat

S anal . Bot,  AASL B nvenﬁe‘?‘%@“ﬁ?aﬁﬁé PR bt odi ment . The
present inven@jaﬁﬂf%n‘yﬂﬁﬁﬁpk%lng opposed to the heat generating
surface with said movable member interposed
5 therebetween;
an opposing member cooperable with the
movable member to direct the bubble toward the
ejection outlet, wherein said opposing member opposes
to such a side of the movable member as is near to the
10 heat generating surface when the free end of the

movable member is displaced by the bubble.

43, An ejection head according to Claim 42,
wherein the substrate and the ejection outlet are

15 substantially parallel with each other.

44. An ejection head according to Claim 42,
wherein the opposing member is a second movable member
having a free end, and the free ends of the movable

20 members are opposed to each other with a gap

therebetween.

45. An ejection head according to, Claim 44,
wherein a first line perpendicular to the heat
23 generating surface and passing through a center of the
heat generating surface, and a second line

perpendicular to the gap and passing through a center

UER T )



15 with any heat generating nmenber as long as it can generate bubbles in
t he bubbl e generation liquid sufficiently to eject the ejection |liquid. For
exanpl e, a photothermal transducer which generates heat as it receives

| ight such as a | aser beam or a 20 heati ng nmenber conprising a heating
portion which generates heat as it receid®3-hi gh frequency waves, may be
enpl oyed. The el enent substrate 1 may integrally conprise functional

el enents such as transistors, 25 di odes, l|latches, and shift registers, in
addition to the aforenentioned_el ectrothermal .transducers which contain the
heat generatiﬂg thsi 9P8r PEXFerlfse to eACh STyt ing the heat -generating
portion, and the wiring electrodes 64 for supplying the electric signals to
the heat generating resistor |layer 65. These functional elenents are al so

formed through a 46. An ejection head according to Claim 45,

wherein said lines are substantially overlapped with

5 each other.

47. An ejection head according to Claim 44,
wherein said first line penetrates the ejection
outlet.

10

48. An ejection head according to Claim 47,
wherein said first line and a line perpendicula: to
the ejection outlet and passing through a center of
the ejection outlet are substantially overlapped with

15 each other.

49. An ejection head according to Claim 42,

wherein the opposing member is a wall.

20 50. An ejection head according to Claim 49,

wherein said first line penetrates the movable member.
51. An ejection head according to, Claim 49,
wherein said first line penetrates the ejection

25 outlet.

52. BAn ejection head according to Claim 51,

R O



5 sem conductor manufacturing process. Figure 23 is a graph depicting the
pattern of a driving signal applied to the heat generating nenber. The axis
of abscissa presents the duration of the driving signal applied to the heat
generating 10 portion,- and the axis of _ordinates represents the voltage
val ue of the driving signal. In order tﬁhgﬁﬁn the liquid by driving the
heat generating portion of the electrothernmal transducer arranged on the
el enent substrate 1, a rectangular pul se as 15 illustrated in Figure 23

is applied to hea ner. n S or, r 65 t r t h QM ring
el ectrodes 64, ngﬁéﬁnéagﬁ t g%% géngraﬁlng }gégé %r f@%%@ Ii%cated

bet ween t he "“thlen%a%b%‘ibhoﬁﬁ%%@% ah@l rp%%'s“i %H%R{Zﬁn £ ggach of the

precedi ng 20 ment s e driving signal app |e r|ve t he heat

generating megher egacitish bhelb»thhée hhﬁ"st'a%tﬂa'ﬁy‘ 'i‘)Kre ggp%dae ej ect ed

fromthe ejection orifice through the aforenentioned oper had a
voltage of 24 V, a pulse wwdth of 7 [err]sec, a current of 150 mA, 25 and
a frequency of 6 kH  However, the specifications

5 53. An ejection head according to Claim 42,

wherein liquid flow paths are formed at one side of
said movable member and at the other side of said

movable member, respectively.

10 54. An ejection head according to Claim 53,
wherein the movable member is a part of a separation

wall between the liquid flow paths.

55. An ejection head according to Claim 53,
15 wherein the liquid flow paths are substantially

harmetically separated from each other.

56. An ejection head according to Claim 53,
wherein different liquids are supplied to the liquid

20 flow paths, respectively.

57. An ejection head according to Claim 53,
wherein the same liquids are supplied to the liquid
flow paths, respectively.

25

58. An ejection head according to Claim 53,

wherein the liquid is supplied to the heat generating

UL



of the driving signal are not Iimted to those descri bed above; any driving
signal is acceptable as -72- long as it can properly generate bubbles in
t he bubbl e generation liquid. (Head Production Method) Next, a

manuf acturing method for the liquid 5 ?b ction head in accordance with
the present invention will be described”*YHE manufacturing process for the
liquid ejection head having the twin liquid flow paths is generally as
follows. First, the walls of the second 10 liquid flow path 4 are forned

vl s, Then  Sebfaseed fedoef Spofoldty bRBekEy Ao d. BaReR e R P i o
w |l becone t@ﬁ?fhéﬁi Qéﬂakgtikg nggcg.ls pl aced on top of the separation
ma

wal I s 15 he "separ at y be provided on the

59. An ejection head according to Claim 53,
5 wherein an area of the movable member is larger than

an area of the heat generating surface.

60. An ejection head according to Claim 53,
wherein said movable member has a fulcrum portion at a
10 position away from a region of said heat generating

surface.

61. An ejection head according to Claim 53,
wherein the movable member is in the form of a plate.

15
62. An ejection head according to Claim 53,

wherein the movable member is of metal.

63. An ejection head according to Claim 62,

20 wherein the metal is nickel or gold.

64. An ejection head according to Claim 53,

wherein the movable member is resin material.

25 65. An ejection head accoxding to Claim 53,

wherein the movable member is of ceramic material.

AR AN A



groove nmenber, and in such a case, after the walls of the second liquid
flow path 4 are fornmed, the grooved nenber with the separation walls 5 is
bonded to the top surfaces of these walls. 20 Next, the

manuf acturi ng nmethod for the second liquid flow path 4 will be descri bed.

Fi gures 24A - 24E are schematic sectionall®aw ngs depicting the steps of
the liquid ejection head manufacturing nmethod in the first enbodi nent of 25
the present invention. Referring to Figure 24A, the el ectrothernal

transducer conpri sing heat i menber, 2 co sed  of - 73-, haf ni um

bori de, tantal um %6?‘“ g’é’ e&ﬁd’qﬁﬁé‘ Heed BER &P GH&& gr?ént substrat e
1, that is, an.jngqivi |y Rl Ct41.0N, i) fer, using
manuf act ur i ngr}é%g:glre\agt %?g%%gaﬁg\g%&&ggﬁé%l%ﬁyg r"L’f‘)\(l)i&? t he

sem conduct or RAUIGHY Ide RLiYEES tol B supplied to the liquid

flow paths.

67. An ejection head according to Claim 42,
wherein the heat generating surface is of an
electrothermal transducer for converting electric
energy to heat.

10

68. An ejection head according to Claim 53,
wherein the heat generated by the heat generating
surface causes film boiling of ligquid to create the
bubble.

15
69. A head cartridge comprising:
a liquid ejection head including;
a substrate having a heat generating surface
for generating heat for generating a bubble in liquid;
20 a movable member having a free end;
an ejection outlet for ejectiﬂé the liguid
using the generation of the bubble, the ejection
outlet being opposed to the substrate with said
movable member interposed therebetween;
25 an opposing member cooperable with the
movable member to direct the bubble toward the

ejection outlet, wherein said opposing member opposes

A



the surface of the elenent substrate 1 is cleansed to inprove its

adhesi veness to the photosensitive resin which is involved in the follow ng
step. In order to further inprove the adhesiveness, the properties of 10
the el ement substrate surface are nodified with a conbination of
ultraviolet rays and ozone, or the |ike-&0fbination, and then is spin
coated with, for exanple, a 1 w. % ethyl alcohol solution of silane
coupl er A189 (product of N PPON UNICA). 15 Next, referring to
Figure 24B, a dry film Qdyl SY-318 (product of Tokyo Chka Kogyo Co., Ltd.),
that is, an uk®r&vFbl at sidg §§n§h§|W@V§§%¢nm¢mbﬁrDFS i§ pgArn&Pedhsn t he

el ement substrate 1, the surface _of which has been cl eansed to inprove the

20  adhesi veRg8%. QRB?FatFBFeFPFHBC?OWFFBUFBeZEEee ©BHoPENEBR PM i s pl aced
the d fil Utr | et t he .d filmDF

cCovered v t h BRESBRG. BRABKE piF: A1 8 TpE0E, b FReCbREPEE: n9%het coy the 25

regions of the dry fllg%gg Pg@ég@ég{glaag §Hkghg§dchpkggiﬂagtonask PM are

exposed to the ultravi
5 a ligquid containing portion for containing

the liguid to be supplied to the liquid ejecting head.

70. An ejection head according to Claim 69,
wherein the liquid ejecting head and the liquid

10 containing portion are separable.

71. An ejection head according to Claim 69,
wherein the liquid containing portion contains

refilled liquid.

15
72. An ejection head according to Claim 69,
wherein the liquid containing portion is provided with
a liguid injection port for refilling the liquid.
20 73. A head cartridge comprising:
a liquid ejection head includi;g;
a heat generating surface for generating heat
for generating a bubble in liquid;
a movable member having a free end;
25 an ejection outlet for ejecting the liquid

using the generation of the bubble, the ejection

outlet being opposed toc the heat generating surface

AR



these exposed regions are to become the walls of the -74- second liquid
flow path. This exposure process is carried out using an MPA-600 (product
of Canon Inc.), whereby the rate of exposure is approximately 600
mi/cnferr]. 5 Next, referring to Figure 24D, the dry filmDF is
devel oped using a devel oper BVRC- 3 (prododP8of Tokyo Ohka Kogyo Co., Ltd.),
which is a mxture of xylene and butyl cell osolve acetate; the unexposed
regions are dissolved, |eaving the exposed and 10 har dened regi ons as the
wal I s of the s&¢ resi due remai ning on the

surface of the's ?gnﬁﬁ? gﬂgg%LgFegﬁmggrréﬁg9gﬂ°§98tFQ&FPP&tﬁﬁgnsurfacelof
ashing 15 apparatus VRS BBASERRY HEMSLY SBoBRERRIR With Be™Y°Re[ “The
exposed regi ONtioRas1é Unbiiber! £6285 2LEH YhéNpubble toward the
ejection outlet, wherein said opposing member opposes
5 to such a side 6f the mo?able member as is near to the
heat generating surface when the free end of the
movable member is displaced by the bubble; and
said head cartridge further comprising:
a liquid containing portion for containing

10 the liquid to be supplied to the liquid ejecting head.

74. An ejection head according to Claim 73,
wherein the liquid ejecting head and the liquid

containing portion are separable.

15
75. An ejection head according to Claim 73,
wherein the liquid containing portion contains
refilled liquid.
20 76. An ejection head according to Claim 73,
wherein the liquid containing portion is provided with
a liquid injection port for refilling the liquid.
77. A liquid ejection apéaratus comprising:
25 @ liquid ejection head including;

a substrate having a heat generating surface

for generating heat for generating a bubble in liquid;

D AR



ultraviolet rays with a strength of 100 mJ/cnferr] for tw hours at a
tenperature of 150 [err] C, being conpletely hardened. 20 . .

According to the above nethod, the second liquid flow path is uniformy and
precisely formed on each of the heater boards on the silicon substrate.
Next, a gold stud bunp is formed on the ®1@®trical joint of the heater
board using a bunp 25 bonder (product of Kushu Matsushita Electric Co.,
Ltd.). Thereafter, the silicon wafer is cut using a dicing nmachine AWD- 4000
(product of Tokyo Sei m ed with_a 0.05_nmmthick dianond

bl ade, separating each %lz'ﬁvﬁblﬁbg‘%f@ u:@‘fl,n% al'AfB“F%p%n%’n_d t he heater
member 14a ahd 5t he Tsa i R | toh ey (O TR on the
heater board Lanth RARANG S of the bubble, the ejection
outlet being opposed to the substrate with said
5 movable member interposed therebetween;
an opposing member cooperable with the
movable member to direct the bubble'toward the
ejection outlet, wherein said opposing member opposes
to such a side of the movable member as is near to the
10 heat generating surface when the free end of the
movable member is displaced by the bubble; and
said apparatus further comprising:
driving signal supply means for supplying a

driving signal for ejecting the liquid.

15
78. A liquid ejection apparatus comprising:
a liquid ejection head including;
a substrate having a heat generating surface
for generating heat for generating a bubble in liquid;
20 a movable member having a free end;
an ejection outlet for ejectiné the 1iquid
using the generation of the bubble, the ejection
outlet being opposed to the substrate with said
movable member interposed therebetween;
25 an opposing member cooperable with the

movable member to direct the bubble toward the

ejection outlet, wherein said opposing member opposes

e



When t he above nethod is used, not only can the liquid flow path be
precisely forned, but it also can be positioned w thout becom ng m saligned
relative 10 to the heater of the heater board. Since the grooved nenber
14a and the separation wall 5 are bonded Q?&gther in a preceding step, the
accuracy in the positional relationship BetWeen the first liquid flow path
3 and the flexible nenber 6 can be inproved. The 15 enpl oynent of these
hi gh precision manufacturing technologies makes it possible to produce a

I d t th
| overent  of Briar a1 45, S e RS HES hillhofCRE Lethebf ta2tne .
nunber of headfed dfendfati AP SEE & LENALR f‘{'eéhSnﬁaH? Eh&‘? ki ng it

possi ble to manufacture a ge nu heads |l ow cost. In this

enbodi nent, a fivapid MedbEN fls?lrli@@pf@éé&@f' ’é\hé%ﬁ'ﬂ)ﬁié\'l ghgt rays was used

to forn1the 25 second liquid flow path 2, but a resin material, the

absorption band of mhlcmraﬁspérﬁinngéaﬂylﬂbettfausﬁaeﬁiﬁgna I n partlcular,
near 248 nm nay be enpl oyed.
5 recording material for receiving the liquid ejected

from the ligquid ejecting head.

79. An ejection head according to Claim 78,
wherein a plurality of colors of recording ligquids are
10 ejected from the liquid ejecting head to effect color

recording on a recording material.

80. An ejection head according to Claim 78,
wherein a plurality of such ejection outlets are
15 arranged covering an entire width of the recording

material.

81. A liquid ejection apparatus comprising:
a liquid ejection head including;
20 a heat generating surface for generating heat
for generating a bubble in liquid; -
a movable member having a free end;
an ejection outlet for ejecting the liquid
using the generation of the bubble, the ejection
25 outlet being opposed to the heat generating surface

with said movable member interposed therebetween;

an opposing member cooperable with the

) 0 D



-76- In the latter case, the resin is hardened after being | am nated, and
then, the second liquid flow path is formed by directly renoving the
portions, which are to becone the second liquid flow path, fromthe

har dened 5 resin using an excimer |aser. Figures 25A - 25E are schematic
sectional draw ngs depicting the steps oftlghme manufacturing method for the
grooved nenber of the liquid ejection head in accordance wth the present

i nvention. 10 Referring to Figure 25A, in this enbodinment, a 0.5

t hi ck ' 22 i | . i nl L (S bstrate 21,
%Er%L?Legéggéégﬁéﬁiﬁa-?ésﬁghgéﬁﬁbge g géﬁggﬁgﬁiﬁsiggﬁﬁg ?ﬁ%bf?oﬁ %Zifgfﬁéd
to yield an eotoersal BRFLEE, [aUeed:8 GoTibRpol ing)mpliHer Tobhosek
referring to £508h8n2aBsideNbekehe! AYFEble member as is near to the

heat generating surface when the free end of the
5 movable member is displaced by the bubble; and
said apparatus further comprising:
driving signal supply means for supplying a

driving signal for ejecting the liqﬁid.

10 82. A liquid ejection apparatus comprising:
a liquid ejection head including;
a heat generating surface for generatiqg heat
for generating a bubble in liquid;
a movable member having a free end;

15 an ejection outlet for ejecting the
liquid ﬁsing the generation of the bubble, the
ejection outlet being opposed to the heat generating
surface with said movable member interposed
therebetween;

20 an opposing member cooperable with the
movable member to direct the bubble toward the
ejection outlet, wherein said opposing member opposes
to such a side of the movable member as is near to the
heat generating surface when the free end of the

25 movable member is displaced by the bubble; and

transporting means for transporting a

recording material for receiving the liquid ejected

L



23 is grown on the SUS substrate 21 to a thickness of 15 pm by
el ectroplating. As for the plating solution, 20 a mxture of sulfamc

aci d ni ckel,

stress reduci ng agent Zero Ohru (product of World Metal

boric acid, anti-pitting agent NP-APS (product of World Metal Inc.),

ni ckel

on which pattering has been conpleted is attached to the cathode side.
tenperature o
kept at 50 [e

ni ckel

speed.

orifice.

Inc.),
and

chloride, is used. As for the neansl4or applying an electric field,
an electrode is 25 attached to the anode side, and the SUS substrate 21

| ayer all owed to grow in the t hi ckness dlrectlon of the resist,
also in the dianmeter direction of the 5 resist pattern, at the sane

As a resulds, aBf SRIANG HAB Ricdfaiig t3oeLdh s ef ection

10

15

20

25

The

f. the atln 77 solytion and the current density are
e @q’t‘rﬁ gﬁﬂ‘f\/ely Thus, not only is the

wherein a plurality of colors of recording liquids are
ejected from the liquid ejecting head to effect color

recording on a recording material.

84. An ejection head according to Claim 82,
wherein a plurality of such ejection outlets are
arranged covering an entire width of the recording

material.

85. A recording system comprising:
a liquid ejecting device as defined in any
one of Claims 77, 78, 81 and 82; and
a post-processing device for promoting fixing

of the liquid on the recording material.

86. A recording system comprising:
a liquid ejecting device as defined in any
one of Claims 77, 78, 81 and 82; and )
a pre-processing device for promoting fixing

of the liquid on the recording material.

87. A head kit comprising:
a liquid ejection head including:;

a substrate having a heat generating surface

* [+ L n § *
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Next, referring to Figure 25C, a Dry Film Ordyl SY-318 (product of Tokyo
OChka Kogyo Co., Ltd.), 10 that is, an ultraviolet sensitive resin film
24, is lam nated on the nickel plated substrate 21. Then, referring to
Figure 25D, a photomask 25 is placed on the dry film24, and the dry film
24 shielded with the photonmask 25 in ther¥tetermined 15 pattern is
irradiated with ultraviolet rays; the regions which will be left as the
liquid path walls are irradiated with ultraviolet rays. This exposure

process is carried out uysing.an.exposing apparatus MPA-600, (product of
Canon I nc. ), HRE SEREREIAG BER 367 SO A TPBAR kI Y 600
ml/cnferr]. Next, referyi i _ ; r | | 4 is devel oped
usi ng a devel oper Bl\/RC—aSIn{bg’ratg %Pﬁg@%ﬁé&g%ﬁf orgéyéo %%)& Ltd.), which is
a mxture of xylene angn,but; I FHt il qﬂﬁg- §ﬁg 5

% %)éICtQ% SR aédfaerfédﬁ% t eﬁglxposgure as the

regions are dissolved, |eaving the regions har e

walbl S OI t he . hisqrigd thie0 WePiratiohh @ f afidd BupIE Y Ljedtmpsur face of the
substrate

5 outlet being opposed to the substrate with said

movable member interposed therebetween;

an opposing member cooperable with the
movable member to direct the bubble toward the
ejection outlet, wherein said opposing member opposes

10 to such a side of the movable member as is near to the

heat generating surface when the free end of the
movable member is displaced by the bubble; and

a liquid container containing the liquid to

be supplied to the liquid ejecting head.

15
88. A head kit according to Claim 88, further
comprising liquid filling means for filling the liquid
to supply. |
20 89. A head kit comprising:
a liquid ejection head includiﬁg;
a having a heat generating surface for
generating heat for generating a bubble in liquid;
a movable member having a free end;
25 an ejection outlet for ejecting the liquid

using the generation of the bubble, the ejection

outlet being opposed to the heat generating surface

W



-78- is renoved by treating the surface of the substrate for approximtely
90 seconds with an oxygen plasma ashi ng apparatus MAS-800 (product of

Al can-Tech Co., Ltd.). Next, the exposed regions are further 5 i rradi at ed
with ultraviolet rays with a strength of 100 mJ/cnferr] for two hours at a
tenperature of 150 [err]C, being conpl et€ldd-hardened. Thus, 15 pm high
walls are fornmed. Next, the nickel layer 24 is separated fromthe SUS
substrate 21 by applying ultrasonic vibrations 10 to the SUS substrate
21, yielding a _grooved nenber. in the predetermined form In this

embodi ment , t W&t §HiE MARDIS mepRer dnraragsed dhenahelesn: but the

grooved nenber may be forned of, nickel al one tter case, the 15

regions of the dry fiIﬁF?EPRﬂﬁ%ﬂ?aﬂﬁ§Qﬁﬁ QQ9H%§§§#¥1|' qi&ﬁﬁclpath wal | s,
o oo oSN, Fhaeh B SR el Tover 1S
ejection outlet, wherein said opposing member opposes
5 to such a side of the movable member as is near to the
heat generating surface when the free end of the
movable member is displaced by the bubble; and
a liquid container containing the liquid to
be supplied to the liquid ejecting head.
10
90. A head kit according to Claim 88, further
comprising liquid filling méans for filling the liquid

to supply.

15 91. A liquid ejecting method, comprising:
providing a substrate having a heat
generating surface for generating heat for generating
a bubble in liquid;
.providing a movable member having a free end;
20 providing an ejection outlet member having an
ejection outlet for ejecting the liquid.using the
generation of the bubble, the ejection outlet being
opposed to the substrate with said movable member
interposed therebetween;
25 wherein the ejection outlet member and the

substrate define a ligquid path therebetween and do not

cross each other in the path;

ey



renoval of the "non wall" regions. Then, the resist 20 I's renmoved. \Wen
the surface of the nickel |ayer portion of the grooved nenber is placed
with gold, the grooved nenber will be provided with nmuch better sol vent

resi stance. Figures 26A - 26D are schematic sectional 25  draw ngs
depicting the steps of the liquid ejectiddSmead manufacturing method in the
second enbodi nent of the present invention. -79- Referring to Figure
26A, in this enbodinment, a 15 [err]mthick resist 101 is placed on a

stainless steel (SUS) gu rate 0, .in the pattern of t second liquid
flow path. 5 al%ééf}nﬁe%g?rfﬁﬁet8n9iSgrg GEPV§% PcREMORdyer s
grown on the pQs . <L.he . SUS a 0Q.b l.ating, to a
t hi ckness of %E Fe§§T§$£%§§ﬁs§%SEtﬁﬁ? nggéggéEt%§ %h%%§%§%§°8f° he resi st
101. As for fiow of the liquid to the ejection outlet: and

wherein the bubble displaces the free end of

5 the movable member, and grows toward the ejection

outlet to eject the liquid.

S2. A method according to Claim 91, wherein the
movable member has a fixed end which is disposed
10 upstream side with respect to a direction of flow of

the liquid.

93. A method according to Claim 91, wherein when
the movable member is displaced by the bubble, the

15 bubble expands the free end of the movable member.

94. A method according to Claim 1, wherein the
heat generated by the heat generating surface causes

film boiling of liquid to create the bubble.

20
85. A liquid ejection head comprisihg:
a substrate having a heat generating surface
for generating heat for generating a buybble in liquid;:
a movable member having a free end;
25 an ejection outlet member having an ejection

outlet for ejecting the liquid using the generation of

the bubble, the ejection outlet being opposed to the

L



t he plating

reduci ng age
anti-pitting
chloride, is
el ectrode is
whi ch patter

solution, a mxture of sulfamc acid 10 ni ckel, stress

nt Zero Chru (product of Wrld Metal Inc.), boric acid,
agent NP APS (product of Wrld Metal Inc.), and nickel
used. As for the neans for eaggying an electric field,
attached to the anode 15

I ng has been conpleted is attached to the cathode side.

an

The

and the SUS substrate 21 on

tenperature of the plating solution and the current density are kept at 50

Al c r respectjvel Next, referring to Figure 26C, after
veﬂb%%t o PIVARAR REMREF T SKPORER i kel 102

| ayer

[err]C and 5
the 20 abo
portion is s
vi brations t
W th predete
| ayer portio

5

10

15

20

25

ed f the SUS substrate by applying ultrasonic

o) Strate, conpleting the second liquid flow path
rntned sp #@g¥5 e Ni ckel

nis pl atg‘g‘l‘wl t%ggﬂféd arter cﬁle ni c%éc‘ﬁ?%%%h%eétss on 102 is
separat ed, thgsecedk |ddtisk fd oW Rad pdin Bt FEEREwEesh idd db altpe sol vent

cross each other in the path;

an opposing member cooperable with the
movable member to direct the bubble toward the
ejection outlet, wherein said opposing member opposes
to such a side. of the movable member as is near to the
heat generating surface when the free end of the
movable member is displaced by the bubble:;

the heat generated by the heat generatipg
surface causes film boiling of liquid to create the

bubble.

96. A liquid ejection head according to Claim 95,
wherein the movable member has a fixed end which is
disposed upstream side with respect to a direction of

flow of the ligquid.

97. A liquid ejection head according to Claim 95,
wherein when the movable member is displaced by the
bubble, the bubble expands the free end of the movable

member.

98. A liquid ejection head according to Claim 95,

wherein the heat generated by the heat generating

L



-80- resistance. In the neantine, the heater boards conprising

el ectrothermal transducers are fornmed on a silicon wafer using a

manuf acturi ng apparatus simlar to a 5 sem conduct or nmanufacturing
apparatus. The wafer on which the heater boards have been fornmed is cut
with a dicing machine, separating indivildi&t heater boards as described
above. The separated heater board 1 is bonded to a TAB tape to provide

el ectrical wiring. 10 Next, referring to Figure 26D, the above descri bed
menber conpri Si t he _second..l.iqui d .flow path is. precisel Qsi tioned on

t he heater b@é?r:}gaf%ﬁ%'}?%agflbl&x’oﬁ‘ﬂé‘ﬂ‘gr eo([JJ“s'a1 ailsl%ls‘grti%ec %%to‘%/)et%%nd fixed
thereto. Duri gid s positioning and fixing step, the strength 15 wth
whi ch the nenrber conprising the second liquid flow path is fixed to the
heater board 1 only has to be enough to prevent t-hem from displacing from
each other when the top plate is bonded thereon. This is because during the

| ater steps, the dpp Pttt Head according to Claim 95,
5 wherein the opposing member is a second movable member
having a free end, and the free ends of the movable
.members are opposed to each other with a gap

therebetween.

10 100. An ejection head according to Claim 95,

wherein the opposing member is a wall.

15
20

25
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20 the separation walls have been fixed is placed on the thus assenbl ed
heat er board, and all conponents are firmy fixed together using a pressing
spring. In this enbodinment, an ultraviolet ray hardeni ng type adhesive
(product of GRACE JAPAN;, 25 Ami con Lhﬁgnig_is_coated to the joint and is
hardened with an ultraviolet radi ation apparatus. The rate of exposure is
100 mi/cnR, and the duration of exposure I s approxi mately three seconds.
According to the manufacturing nmethod described in this enbodi nent, not

only can the mﬁ.%ﬁﬁé tc‘ﬁ‘!lﬂ%% hi ghl.y precisely produced, but 5

al'so can be p m saligned relative to the heat

generating menber. In gddi{idwi d{ctiyimbEROy DadtTudEs | prévi@Ing
ni ckel . Therefore, it is possible to provide a highly rellable and h|ghly

al kal i resi st afiibdeadke hving a heat FydhEEst A sufdt@rfoschematic
sect i onal

generating heat fqr generating a bubble in liquid;

5 providing a'movable member having a free end;
providing an ejection outlet for ejecting the liquid
using the generation of the bubble, the ejection
outlet being opposed to the substrate with the
movable member interposed therebetween; disposing the

10 free end of the movable member at a downstream side
with respect to a direction of flow of the liquid to
the ejection outlet; and wherein the bubble displaces
the free end of the movable member, and grows toward

the ejection outlet to eject the liquid.

15
20
ThlsITIhleit Has Been Replaced
) [T

yu082/2315



drawi ngs depicting the steps of the liquid ejection head manufacturing
method in the third enbodi nent of the present invention. Referring to
Figure 27A, a resist 103 is 15 coated on both surfaces of a 15 [err]m
thick stainless steel (SUS) substrate 100 provided with alignnent hol es or
mar ks 104. As for the resist, PVMERP-AR900, a product of Tokyo Chka Kogyo
Co., Ltd., is used. Next, referring to Figure 27B, the resist 20 coat ed
substrate 100 is exposed using an exposure apparatus MPA-600 (product of
Canon Inc.), and then, the resist 103 ip|renoved fpﬁmthe regi ons
correspondent to the second |iqui@dflo pat hs and ( e alignment hol es 104.
The rate of exposure is 800 25 midcnferr]. Next. \referring to Figure 27C,
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surfaces is imersed in an etching liquid (water solution of ferric
chloride or cupric chloride), etching away the portions not covered by the
resist 103, and then, the resist is renoved. 5 Next, referring
‘to Figure 27D, the etched SUS substrate 100 is positioned on the heat er
board 1, and is fixed thereto, conpleléng allcnuclkjectlon head conpri sing
the second liquid flow path 4, in the 5 3 >-pepuf act uri ng

nmet hod described in the 10 preced othis

enbodi nent, not only can the second . ed with high
preci sion but al so can be positi oneddwiddbe T~g fHeghed rel ative
to the heater. | ﬂdgithgf he 15 ) om1p th 4s formed of
stainless steel® T for I S pOSSND prov de-a highly reliable as

kNg to the head
_-he 'second |iquid

wel | as highly alkali reS|stant i qUN
manuf act uri ng nmet hod 20 descri bed\abg
flow path are forned on the el enen

FIG. 3B
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making it possible to accurately position the electrothermal transducer and
the second liquid flow path relative to each other. Further, the second 25
liquid flow path can be formed on a | arge nunber of the el enent substrates
collectively plotted on the substrate wafer before the substrate wafer is
di ced -83- into separate pieces of elenent substrates. Therefore, a

| arge nunber of liquid ejection heads can be provide at | ow cost. Further,
in the liquid ejection head 5 manuf act ured by the nmanufacturing nethod
described in this enbodi mentj4the heat genggating member and the second
liquid fl ow path are p05|t|o ed relative Yo each other with high precision;
therefore, the pressure Sasams: e+-gHor—eatsed by the heat 10
generation of the electr 1 f &Ct ) er transmtted,
maki ng the head superi or

g, o

| 7 S
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ejection efficiency. (Liquid Ejection Head Cartridge) Next, a liquid

ej ection head cartridge in 15 which the liquid ejection head in
accordance with the preciding enbodinents is nounted, will be concisely
described. Figure 28 is an expl oded schematic view of the liquid ejection
head cartridge conprising the 20 af orenmenti oned |iquid ejection head.

Essentially, the liquid ejection head cartridge conprises_a ligyid ejection
head portion 200 and a liquid container 80. The liquid ejegt+oHThead
portion 200 conprises an el enent substrate 1, a separati wal | 25 30, a
grooved nenber 50, a liquid container 90, a circuit S TAB tape) 70 for
supplying an electric signal, and the |iké. S substrate 1, a

/I ! |/4
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to the bubble generation liquid are aligned. Also on the elenment substrate
1, a nunber of functional elenents for selectively driving these heat
generating 5 resistors are provided. A liquid flow path is forned

bet ween the el enment substrate 1 and the separation wall 30 conprising the
fl exi bl e nenber, and the bubble generation |igeg, flows through this liquid
, tht is, the 10

ows, is forned as the

separation wall 30, the grooved nenb | iquid delivery nenber
80 are joined. Both liquids ar bt he 1iquid delivery menber
80, being routed behind the 1§ I~ he Ii%Pungintainer 90
separately contains the |iqui dNOTT o ; d the ‘bubbl e generation

| re delivered to the liquid

ej ection head. On the 20 L qui dyeant gi ner 90, a

posi tioning nmenber 94 i&<pr Ov : {f ecigg nenber which
connects the liquid @ _
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head and the liquid container. The TAB tape 70, which is attached after the
head portion is positioned on 25 the liquid container 90, is fixed to the
surface of the liquid container 90 using a double face adhesive tape. The
ejection liquid is delivered to the first -85- common |iquid chanber by
way of the ejection liquid delivery path 92 of the liquid container, the
delivery path 84 of the connecting nenber and the ejection liquid dellvery

path of the Iiquid delivery member 80, g1 in thl‘ order. The bubble
jqui d chanber by way

of the delivery path”7932 0 ,'_'aﬁV' supply path of the
connecti ng nenber, apd fhg Wl ¢ ] o.th 82 of the liquid
delivery 10 menber £ p P oL rr-oo_ g, the description

_matlgm 0 quitd ej ection
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head cartridge and the liquid container, which is capable of separately
delivering or containing the 15 bubbl e generation liquid and the ejection
| i qui d when the bubble generation liquid and the ejection liquid are
different. However, when the ejection liquid and the bubbl e generation
liquid are the same, it is unnecessary to provide separate delivery paths
and 20 containers for the bubble generation |iquid and the ejection
liquid. Incidentally, the liquid cont er descri bed above may be refilled

after each liquid is consumed. In ordéfr-Xo do so, it is preferable that the
l'iquid 25 contai ner is provided w tfh; a liquid filling port. Further, the
liquid ejection head and the |iquid cpntfai nkl may bé4 nseparable or

separ abl e. -86- Figure 29 is a sch_' tiZ illustrdtion of a liquid

ej ecting device used
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liquid ejecting head. In this enbodiment, the ejection liquid is ink, and
the apparatus is an ink 5 ej ection recording apparatus. The liquid

ej ecting device conprises a carriage HC to which the head cartridge
conprising a liquid container portion 90 and |iquid ejecting head portion
200 which are detachably connectable with each other, is nountable. The 10
carriage HC is reciprocable in a direction of wwdth of the recording

mat erial 150 such as a recording sheet or the |ike fed by a recording
material transporting means. Wien a drjying signal is supplied to the 15
liquid ejecting neans on the carriageffepm unshown driving signal supply
means, the recording liquid is ejectefl-tp the recording material fromthe
liquid ejecting head in response to t . The |4quid ejecting
apparatus of this 20 111-as a driving source
for driving the record --d ‘the carri age,
gears 112, 113 for tra
carriage, and

FIG. |1B
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carriage shaft 115 and so on. By the recordi ng device 25 and the liquid
ej ecting nmethod using this recording device, good prints can be provided by
ejecting the liquid to the various recording naterial . -87- Figure 30 is
a bl ock diagramfor describing the general operation of an ink ejection
recordi ng apparatus which enploys the liquid ejection nethod, and the
liquid ejection head, in accordance with the 5 present invention. The
recordi ng apparatus receives printing dajq in thg4ormof a control signal
froma host conmputer 3Q0. The printing data is t ogarily stored in an

i nput inte | _ EYZ(IS ane tine,

I's converted | [ ' W ie A/ nputted 't whi ch .
doubl es a Eﬁq ' i /j?/Z processes
the afore

._..~.A_/3
.. 5
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CPU 302, into printable data (inage data), by 15 processing themw th the
use of peripheral units such as RAMs 304 or the like, follow ng control
progranms stored in an ROM 303. Further, in order to record the inage data
onto an appropriate spot on a recording sheet, the CPU 20 302 generates
driving data for driving a driving notor which noves the recordi ng sheet
and the recording head in synchronismw th the i mage data. The inage data
and the notor driving data are transmtted tp] a head]400 and a driving
notor 306 through a head driver 307 25 .'d a nDtor driver 305,
respectively, which are-gont et ypipgs for formng an

| mage. -88- As for recefding w ' Lqutl guch as ink is
adhered, and which is usép : 2 o/yg/guch as the one
descri bed above, Ve
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the follow ng can be |isted; various sheets of paper; 5 OHP sheet s;
plastic material used for form ng conpact disks, ornanental plates, or the
like;, fabric; nmetallic material such as al um num copper, or the like;

| eat her material such as cow hide, pig hide, synthetic |eather, or the

i ke; lunber material such 10 as solid wood, plywood, and the |iKke;
banboo material; ceramc material such as tile}jand natejgal such as sponge
whi ch has a three dinensional structure. The aforenentiorfed recording
apparatus includes a printing apparapus’ --'4ﬂ;n SpEot 15 paper or
OHP sheet, a recording apparat us . an1G “’ﬁr’ eh As pl astic

mat eri al used for forning a conpg or ‘t hé A pecordi ng appar at us

for netallic i ke, 6eré&-e€ |q=|q apparsa SUENELY her terial,
a recording aﬁ)grs Ingurrb AN§: . r‘eée.rdl g “" ' ram c

material, a recording apparatu ON 1ree g mer(sj\ I um such
T2 (heCt e ecord v oo ey \ 9 mages on
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25 ' As for the liquid to be used with these liquid ejection
apparatuses, any liquid is usable as long as it is conpatible with the

enpl oyed recordi ng -89- nedium and the recording conditions. (Recording
System) Next, an exenplary ink.jet recording systemw || be described,

whi ch records i nmages on recording 5 medi um using, as the recordi ng head,
the liquid ejection head in accordance wiaAR_the present invention. Figure
31 is a schematic perspective view of ah ink™Net recording%systen1enploying
the 10 aforenentioned |iquid ejection head=20INn 2egof ddnce wth the
present invention, and depicts its general—Struc e | i quill ej ection
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15 dpi so as to cover the entire recordable range of the recordi ng nmedi um
150. It conprises four heads, which are correspondent to four colors;
yellow (Y), magenta (M, cyan (C) and black (Bk). These four heads are
fixedly supported by a holder 1202, in parallel to 20 each other and with
predeterm ned intervals. These heads are driven in response to the signals
supplied froma head driver 307, which constitutes neans for supplying a

driving signal to each hegd. 25 Egch of the four col orginks (Y,
M C and Bk) is suppli to a corresponde head froman ink nt ai ner
204a, 204b, 205¢ or 2 ' A referen nuneral 4e desSi ggates a
bubbl e generati dh |i qui Gbiner f bubblEe generatlfon€b qui d
is delivered to}lpach heaqg. Belom/e hea head cap 203a, 203p, 203c
G\JP‘\ 6\—'\ G\J"‘\
- 6aq ~I—6a —1—6a
“~~6a ~-6a ~H—~6a
6 6 6 -
~1I~ 6b )) \@\ 6b | |~ 6b
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5 or 203d is disposed, which contains an ink absorbing nenber conposed of
sponge or the like. They cover the ejection orifices of the correspondi ng
heads, protecting the heads, and al so mai ntaining the head performance,
during a non-recording period. 10 A reference nuneral 206

desi gnates a conveyer belt, which constitutes neans for conveying the
various recordi ng nmedium such as those descygi bed _in the preceding

enbodi ments. The conveyer belt 206 is routed\thyough a predeterm ned path
by various 15 rollers, and is driven by a dri roller connegited to a

notor driver 305. The ink jet recording sy imthis enbodi conpri ses
a pre-printing processing apparatus 251 and_a posfprinting pr/ocessing
he upsfream and gownstream

apparatus 20 252, which are disposed
si des, respect igwelgy Of ae | Nk jet recordilng apppratus, along the
recordi ng nediJﬁ?JdG;eyia e‘*ath These pr appar atuses 251 and 252
process the recording nediumin various e or after 25
recording is nade, respectively.

C
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The pre-printing process and the postprinting process vary depending on the
type of recording medi um or the type of ink. For exanple, when
recordi ng medi um conposed of netallic material, plastic material, ceramc
material or the like is enployed, the recording mediumis exposed to ultra-
5 viol et rays and ozone before printing, activating its surface. In a
recording material tending to acquire electric charge, such as plastic
resin material, the dust tends to deposit on the surface by static 10
electricity, the dust may inpede the degﬂa such a case, the

mat eri al, thus r ey ’;__;;:;;:::::;u_.;;mg;;ng;"“ ot " ,\Men a

textile is a recorndrmgmateriat, 55— fromtte stamdpormt—of—f ¢at heri ng
prevention and inprovenent of fzxing or the like, a pre-proce ang
4
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may be effected wherein alkali property substance, water sol uble property
subst ance, conposition polyneric, water soluble property netal salt, urea,
or 20 thiourea is applied to the textile. The pre- processing is not
limted to this, and it nay be the one to provide the recordi'ng nateri al
with the proper tenperature. On the other hand, the post-processing is a 25
process for inparting, to the recording material having received the ink, a
heat treatnent, ultravi-olet radiation projection to -pronote the fixing of

t he ink, -92- or a cleaning for renoving the process material used for
the pre-treatment and remaining because of no reaction. In this enbodi ment,
the head is a full line 5 head, but the present invention is of course

applicable to a serial type wherein the head i s mved
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along a width of the recording material. (Head Kit) Hereinafter, a head kit
w Il be described, 10 whi ch conprises the liquid ejection head in
accordance with the present invention. Figure 32 is a schematic view of
such a head kit. This head kit is in the formof a head kit package 501,
and contains: a head 510 in accordance with the present invention, which
conprises 15 an ink ejection section 511 for ejecting ink; an ink
container 510, that is, a liquid container which is separable, or

nonseparable, fromthe head; and ink filling means 530, which holds the ink
to be filled into the ink container 520. 20 After the ink in the
i nk container 520 is conpletely depleted, the tip 530 (in the formof a

hypoderm ¢ needle or the like) of the ink filling means is inserted into an

air vent 521 of the ink container, the junction between tB@ i nk contai ner

and 25 the head, or a hole drilled through the ink cont@ainer wall, and
the ink vm'thiF! mQﬁlAng—ma-n—s—#Wb@d—a—M—e—F@:ﬁk—e@M’ er

through this ti 1. \v\\Z'
23
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-93- Wen the liquid ejection head, the ink container, the ink filling
means, and the like are available in the formof a kit contained in the kit
package, the ink can be easily filled into the ink 5 depl et ed i nk
contai ner as described above; therefore, recording can be quickly
restarted. In this enbodi nent, the head kit contains the ink filling neans.
However, it is not mandatory for the head kit to contain the ink filling
means; the kit 10 may contain an exchangeable type ink container filled
with the ink, and a head. Even though Figure 32 illustrates only the ink
filling nmeans for filling the printing ink into the ink container, the head
kit may contain neans for 15 filling the bubble generation liquid into

t he bubbl e generation I|qU|d container, in addition to the printing ink
ref|II|ng means.
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VWil e the invention has been described with reference to the structures

di scl osed herein, it is 20 not confined to the details set forth and this
application is intended to cover such nodifications or changes as nmay cone
wi thin the purposes of the inprovenents or the scope of the follow ng
clainms. 25 -94- WHAT IS CLAIMED I S: 1. A liquid ejecting nethod,
conprising: providing a substrate having a heat generating surface for
generating heat for generating 5 a bubble in |liquid; providing a novable
nmenber having a free end; providing an ejection outlet for ejecting the
liquid using the generation of the bubble, the ejection outlet being
opposed to the substrate with 10 - said novabl e nenber interposed

t her ebet ween;
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di sposing the free end of the novable nenber at a downstream side with
respect to a direction of flow of the liquid to the ejection outlet; and
wherein the bubbl e displaces the free end of 15 the novabl e nenber, and

grows toward the ejection outlet to eject the liquid. 2. A et hod
according to Caim1l, wherein the substrate and the ejection outlet are
substantially 20 parallel with each other. 3. A method according to

Claim 1, wherein the heat generated by the heat generating surface causes
filmboiling of liquid to create the bubble. 25 4. A nethod according to
Claim1, wherein the bubble expands toward the ejection outlet beyond an
-95- initial position of the novable nmenber. 5. A net hod according to
Claim1l, wherein V\(/nen 82

200!
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t he novabl e nenber is being displaced, the bubble is 5 contacted to the
novabl e nenber. 6. A nethod according to Caiml1, wherein different.

| iquids are supplied into a space at one side of said novabl e nenber and
into a space at the 10 ot her side of said novabl e nenber, respectively.
7. A nmet hod according to daim1l, wherein the same |iquids are supplied
Into a space at one side of said novable nenber and into a space at the

ot her side 15 of said novabl e nenber, respectively. 8. Aliquid

ej ecting method, conprising: providing a heat generating surface for
generating heat for generating a bubble in liquid; 20 : provi di ng
a novabl e nenber having a free end; providing an ejection outlet for :
ejecting the liquid using the generation of the bubble, the ejection outlet
bei ng opposed to the heat generating.surface with said novabl e nenber .

I nt er posed 25 t her ebet ween; di sposing the free end of the novabl e nenber
at a downstreamside with respect to_a direction of

FI1G. 29
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-96- flow of the liquid to the ejection outlet; and wherein the bubble

di spl aces the free end of the novabl e nenber, and grows toward the ejection
outlet to eject the liquid. 5 9. A nmet hod according to Claim8, wherein
the substrate and the ejection outlet are substantially parallel wth each
ot her. 10 10. A nethod according to Caim8, wherein the heat
generated by the heat generating surface causes filmboiling of liquid to
create the bubble. 11. A nethod according to Caim8, wherein the 15

bubbl e expands toward the ejection outlet beyond an initial position of the
novabl e menber. 12. A nethod according to Claim38, wherein when the novabl e
menber i1s being displaced, the bubble is 20 contacted to the novabl e
menber .
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13. A method according to Claim8, wherein different |iquids are suppli-ed
Into a space at one side of said novable nenber and into a space at the 25
ot her side of said novable nenber, respectively. 14. A method according to

Claim 8, wherein the -97- same liquids are supplied into a space at one
si de of said novable nenber and into a space at the other side of said
novabl e nenber, respectively. 5 15. A liquid ejection head

conprising: a substrate having a heat generating surface for generating
heat for generating a bubble in |iquid; a novable nenber having a free end;

an ejection g ion of the
bubbl e, the €| get ' Wi ai d
novabl e nmenbdr |i nt er posed t herebet ween; an opposi ng nmenmqed.go@pefabl e with
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novabl e menber to direct the bubble toward the 15 ej ection outl et,
wherei n sai d opposi ng nenber opposes to such a side of the novabl e nenber
as is near to the heat generating surface when the free end of the novable

menber is displaced by the bubbl e. 20 16. An ejection head according
to Caim15, wherein a nenber defining the ejection outlet and the heat
generation surface are substantially parallel with each other 25 17.

An ej ection head according to Claim 15, wherein the opposing nenber is a
second novabl e nenber having a free end, and the free ends of the novable
-98- nenbers are opposed to each other with a gap therebetween. 18. An

ej ection head according to Caim1l17, 5 wherein a first |ine perpendicul ar
to the heat generating surface and passing through a center of the
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.heat generating surface, and a second |line perpendicular to the gap and
*passi ng through a center of the gap, are close to each other. 10 19. An
ej ection head according to Cl'laim 18, wherein said lines are substantially
over| apped with each other. 15 20. An ejection head according to
Caim17, wherein said first line penetrates the ejection outlet. 21. An
ej ection head according to d ai m 20, 20~118merein said first line and a

l'ine perpendi t IRGEHEAD, QUQEID FEILCEENG nDEVICELANB EEQUED of
the ejection 5 EADNEg%ggﬁgfﬁ ntially overlapped with each other. 25
@?@S %Cﬁmé&)&ﬁém 15, wherein the opposing nenber is

22. An egject
A liquid ejecting method includes providing a

a wal l. -

substrate having a heat generating surface for
generating heat for generating a bubble in liquid;

5 providing a movable member having a free end;
providing an ejection outlet for ejecting the liquid
using the generation of the bubble, the ejection
outlet being opposed to the substrate with the
movable member interposed therebetween; disposing the

10 free end of the movable member at a downstream side
with respect to a direction of flow of the liquid to
the.ejection outlet; and wherein the bubble displaces
the free end of the movable member, and grows toward

the ejection outlet to eject the liquid.
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: REPLACEMENT orieed
23. An ejection head according to Caim?22, wherein said first line
penetrates the novabl e nenber. 24. An ejection head according to Caim 22,
5 wherein said first line penetrates the ejection outlet. 25. An ejection
head according to Caim24, wherein said first line and a line

per pendi cul ar to 10 the ejection outl-@t- and passi ng through a center of
the ejection outlet, are substantially overl apped, 26. An ejection head
according to Claim15, wherein liquid flow paths are forned at one side of
15 sai d novabl e nenber and at the other side of said novabl e nmenber,
respectively. 27. An ejection head according to Claim 26, wherein the
novabl e nmenber is a part of a separation 20 wal | between the liquid flow
paths. 28. An ejection head according to Caim 26, wherein the liquid flow
paths are substantially harnetically separated fromeach other. 25 29. An
ej ection head according to Caim %% |l 14
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wherein different liquids are supplied to the liquid - 1009ERHA&E%%NTh§ﬁEET
respectively. 30. An ejection head according to Caim 26, wherein the sane

| iquids are supplied to the liquid 5 fl ow paths, respectively. 31. An

ej ection head according to Caim15, wherein the liquid is supplied to the
heat generating surface along an inner Aga | substantially flush with 10

the heat generating surface. 32. An ejection head according to daim15,
wherein an area of the novable nenber is |larger than an area of the heat
generating surface. 15 33. An ejection head according to Claim 15, wherein
sai d novabl e nenber has a fulcrumportion at a position away froma region
of said heat generating surface.
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20 34 An ejection head according to Caim15, wherein the novabl e nenber
I's in the formof a plate. 35. An ejection head according to daim15, 25
wherein the novabl e nenber is of netal. 36. An ejection head according to
Cl ai m 35, wherein the nmetal is nickel or gold. 37. An ejection head
according to Cl aim 15, wherein the novatde nenber is resin material. 5 38.
An ejection head according to Caim15, wherein the novable nenber is of
ceramic material. 39. An ejection head according to daim26, 10 further
conprising common |iquid chanbers for containing the liquids to be supplied
tothe liquid flow paths. 40. An ejection head according to Caim15, 15
wherein the heat generating surface is of an
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el ectrothermal transducer for converting electric energy to heat. 41. An

‘ej ection head according to Caim15, 20 wherein the heat generated by the
heat generating surface causes filmboiling of liquid to create the bubble.

42. A liquid ejection head conprising: 25 a heat generating
surface for generating heat for generatd-ng a bubble in liquid; a novable
menber having a free end; -102- an ejection outlet for ejecting the

liquid using the generation of the bubble, the ejection outlet being
opposed to the heat generating surface with said novabl e nenber interposed
5 therebetween; an opposing nmenber cooperable with the novabl e nenber to
direct the bubble toward the 14
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: : : : : ACEMENT SHEET
ejection outlet, wherein said opposing nenber opposes to sucﬁEgLsPde of the

novabl e nmenber as is near to the 10 heat generating surface when the free
end of the novabl e nenber is displaced by the bubble. 43. An ejection head
according to Claim42, wherein the substrate and the ejection outlet are 15
substantially parallel with each other.-544. An ejection head according to
Cl aim 42, wherein the opposing nenber is a second novabl e nenber having a
free end, and the free ends of the novable 20 nenbers are opposed to each
other with a gap therebetween. 45. An ejection head according to C aim 44,
wherein a first line perpendicular to the heat 25 generating surface and
passi ng through a center of the heat generating <\rfaCﬁ4 and a second |ine
per pendi cular to the gap and passing'ﬁhroug A‘QQE c -103-
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‘ REPLACEMENT SHEET
of the gap, are close to each other. 46. An ejection head according to

‘Clai m45, wherein said lines are substantially overl apped with 5 each

other. 47. An ejection head according to Caim44, wherein said first line
penetrates the ejection outlet. 10 48. An ejection head according to Caim
47, wherein said first line and a |ine-perpendicular to the ejection outlet
and passing through a center of the ejection outlet are substantially

overl apped with 15 each other. 49. An ejection head according to Claim42,
wherein the opposing nenber is a wall. 20 50. An ejection head
according to Caim49, wherein said first line penetrates the novabl e
menber. 51. An ejection head according to Claim49, wherein said first line
penetrates the ejection 25 outlet. 52. An ejection head according to Caim
51,
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-104- wherein said first line and a line perpendicular to tﬁEPgﬁ %ME%R SHEET
‘outl et and passing through a center of the ejection outlet, are

substantially overl apped, 5 53. An ejection head according to Caim
42, wherein liquid flow paths are formed at one side of said novabl e nenber
and at the other side of said novabl e tienber, respectively. 10 54.

An ejection head according to Caimb53, wherein the novable nenber is a
part of a separation wall between the liquid flow paths. 55. An ejection
head according to daim53, 15 wherein the liquid flow paths are
substantially harnetically separated fromeach other. 56. An ejection head
according to Caim53, wherein different liquids are supplied to the liquid
20 fl ow paths, respectively. 57. An ejection head according to C ai m 53,

an
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EET
wherein the sane liquids are supplied to the liquid flow pat hﬁ,EPLACEMENT St
respectively. 25 58. An ejection head according to C aim53, wherein the
liquid is supplied to the heat generating -105- surface along an inner
wal | substantially flush wth the heat generating surface. 59. An ejection
head according to Caim53, 5 wherein ai8-area of the novable nenber is
| arger than an area of the heat generating surface. 60. An ejection head
according to Claimb53, wherein said novabl e nenber has a ful crum portion at
a 10 position away froma region of said heat generating surface. 61. An
ej ection head according to Caim53, wherein the novable nenber is in the
formof a plate. 15
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‘ REPLACEMENT SHEET
62. An ejection head according to Caim53, wherein the novable nenber is
of metal. 63. An ejection head according to Claim62, 20 wherein the netal
is nickel or gold. 64. An ejection head according to Caim53, wherein the
novabl e menber is resin material. 25 65. An ejection head according
to Caimb53, wherein the novabl e nenber-9-s of ceramc material . - 106-
66. An ejection head accordi-ng to Caimb53, further conprising common

| i qui d chanbers fof containing the liquids to be supplied to the liquid
flow paths. 5 67. An ejection head according to Claim42, wherein the heat
generating surface is of an el ectrothermal transducer for converting

el ectric energy to heat.
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\ RePLALEMENT ontl!
10 68. An ejection head according to Caim53, wherein the heat generated
"by the heat generating surface causes filmboiling of liquid to create the
bubble. 15 69. A head cartridge conprising: a liquid ejection head
i ncludi ng; a substrate having a heat generating surface for generating heat
for generating a bubble in liquid; 20-10- a novabl e nenber having a
free end; an ejection outlet for ejecting the liquid using the generation
of the bubble, the ejection outlet being opposed to the substrate with said
novabl e nmenber interposed therebetween; 25 an opposi ng nenber
cooperable wth the novabl e nmenber to direct the bubble toward the ejection
outl et, wherein said opposing nenber opposes
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. RePLACEMENT oncetel
-107- to such a side of the novable nenber as is near to the heat

‘generating surface when the free end of the novable nenber is displaced by

t he bubbl e; and said head cartridge further conprising: 5 a

liquid containing portion for containing the liquid to be supplied to the
liquid ejecting head. 70. An ejection +lglad according to Cl aim 69, wherein

the liquid ejecting head and the liquid 10 containing portion are

separable. 71. An ejection head according to Claim®69, wherein the liquid
containing portion contains refilled liquid. 15 72. An ejection head
according to Claim69, wherein the liquid containing portion is provided

with a liquid injection port for refilling the Jiquid. 20 73. A head
cartridge conprising: a liquid ejection head ihhluding; K heat generati ng
surface for generating heat for_generating a Bubble in |fquid;
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REPLACEMENT SHEET

a novabl e nenber having a free end; 25 an ejection outlet for
ejecting the liquid using the generation of the bubble, the ejection outlet
bei ng opposed to the heat generating surface -108- with said novabl e

menber interposed therebetween; an opposi ng nenber cooperable with the
novabl e nmenber to direct the bubble towdd the ejection outlet, wherein
sai d opposi ng nenber opposes 5 to such a side of the novable nenber as is
near to the heat generating surface when the free end of the novabl e nenber
is displaced by the bubble; and said head cartridge further conprising: a
i quid containing portion for containi ng 3 the liquid to be supplied to
the liquid ejecting head. 74. An ejection heaq according;40 Caim73,
wherein the liquid ejecting head and t he +=gui dNQORTSI ik% portion are
separ abl e. : T
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| o _ | | ~ REPLACEMENT SHEET
15 75. An ejection head according to Claim73, wherein the liquid

containing portion contains refilled liquid. 20 76. An ejection head
according to Claim73, wherein the liquid containing portion is provided
with a liquid injection port for refilling the liquid. 77. Aliquid

ej ection apparatus conprising: 25 -13- a liquid ejection head

i ncl udi ng; a substrate having a heat generating surface for generating heat
for generating a bubble in Iiquid; -109- a novabl e nenber having a free

end; an ejection outlet for ejecting the liquid using the generation of the
bubbl e, the ejection outlet being opposed to the substrate with said 5
novabl e nmenber | nterposedst her ebet ween; an opp05| ng nenber cooperable with
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REFLALVCMENT oncy

novabl e menber to direct the bubble toward the ejection outlet, wherein
sai d opposi ng nenber opposes to such a side of the novable nenber as is
near to the 10 heat generating surface when the free end of the novable
menber is displaced by the bubble; and said apparatus further conprising:
driving signal supply neans for supplytrhg-a driving signal for ejecting the
liquid. 15 78. Aliquid ejection apparatus conprising: a liquid ejection
head i ncluding; a substrate having a heat generating surface for generating
heat for generating a bubble in liquid; 20 a novabl e nenber
having a free end; an ejection outlet for ejecting the liquid using the
generation of the bubble, the ejection outlet being opposed to the
substrate with said novabl e nenber interpos t fj€r ebet ween; 25

an opposi ng nenber cooperable with the novablle \nenber to direct the bubble

toward the ejection outlet, wherein said o menber o?e§
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REPLACEMENT ontel

to such a si.de of the novable nmenber as is near to the heat generating
~surface when the free end of the novable nenber is displaced by the bubble;
and transporting neans for transporting a 5 recording material for
receiving the liquid ejected fromthe liquid ejecting head. 79. An ejection
head according to Claim 78, wherein a-pkurality of colors of recording
liquids are 10 ejected fromthe liquid ejecting head to effect color
recording on a recording material. 80. An ejection head according to Caim
78, wherein a plurality of such ejection outlets are 15 arranged covering
an entire width of the recording material. 81. Aliquid ejection apparatus
conprising: a liquid ejection head including; 20 a heat
generating surface for generating heat for generating a bubble in |iquid;
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: REPLACEMENT SHEET
a novabl e nenber having a free end; an ejection outlet for ejecting the
Tiquid using the ‘generation of the bubble, the e ection 25 outlet being
opposed to the heat generating surface with said novabl e nmenber interposed
t her ebet ween; an opposi ng nenber cooperable with the movabl e nmenber to
direct the bubble toward the ejection-aigd et, wherein said opposi ng nenber
opposes to such a side of the novable nenber as is near to the heat
generating surface when the free end of the 5 novabl e nenber is displaced
by the bubble; and said apparatus further conprising: driving signal supply
means for supplying a driving signal for ejecting the liquid. 10 82.
A liquid ejection apparatus conprising: a liquid ejection head including; a
heat generating surface for generating heat for generating a bubble in

l'i quid;
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- REPLACEMENT SHEET
a novabl e nenber having a free end; 15 an ejection outlet for
‘ejecting the liquid using the generation of the bubble, the ejection outlet
bei ng opposed to the heat generating surface with said novabl e nmenber
i nt er posed t herebetween; 20 an opposi ng nenber cooperable with
t he novabl e nenber to direct the bubbl-e7t-oward the ejection outlet, wherein
sai d opposi ng nenber opposes to such a side of the novable nenber as is
near to the heat generating surface when the free end of the 25 novable
menber is displaced by the bubble; and transporting nmeans for transporting
a recording material for receiving the liquid ejected -112- fromthe
liquid ejecting head. 83. An ejection head according to Caim82, wherein a
plurality of colors of recording liquids are
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REPLACEMENT SHEET
5 ejected fromthe liquid ejecting head to effect color recording on a
recording material. 84. An ejection head according to C aim82, wherein a
plurality of such ejection outlets are 10 arranged covering an entire
wi dth of the recording material. 85. A recording systemconprising: a
liquid ejecting device as defined in a5 one of Cains 77, 78, 81 and
82; and a post-processing device for pronoting fixing of the liquid on the
recording material. 86. A recording system conprising: 20 a
liquid ejecting device as defined in any one of Clainms 77, 78, 81 and 82;
and a pre-processing device for pronoting fixing of the liquid on the
recording material. 25 87. A head kit conprising: a liquid ejection
head i ncludi ng; a substrate having a heat generating surface
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REPLACEMENT ontt!
-113- for generating heat for generating a bubble in liquid;, a novable
menber having a free end; an ejection outlet for ejecting the liquid using
t he generation of the bubble, the ejection 5 outlet being opposed to the
substrate with said novabl e menber interposed therebetween; an opposing
menber cooperable with the novable nenbk?-to direct the bubble toward the
ej ection outlet, wherein said opposing nenber opposes 10 to such a side of
t he novabl e nmenber as is near to the heat generating surface when the free
end of the novabl e nenber is displaced by the bubble; and a liquid
container containing the liquid to be supplied to the liquid ejecting head.
15 88. A head kit according to aim88, further conprising liquid filling
means for filling the liquid to supply. 20 89. A head kit conpri sing:
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- QEPLACEMENT Shctl!
a liquid ejection head including; a having a heat generating surface for
generating heat for generating a bubble in |Iiquid; a novable nenber having

a free end; 25 an ejection outlet for ejecting the |iquid using
the generation of the bubble, the ejection outlet being opposed to the heat
generating surface -114- with said r2vabl e nenber interposed

t her ebet ween; an opposi ng nenber cooperable with the novabl e nenber to
direct the bubble toward the ejection outlet, wherein said opposi hg nenber
opposes 5 to such a side of the novable nenber as is near to the heat
generating surface when the free end of the novabl e nenber is displaced by
the bubble; and a liquid container containing the liquid to be supplied to
the liquid ejecting head. 10

/
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. REPLACEMENT SHEET
90. A head kit according to Caim88, further conprising liquid filling
means for filling the liquid to supply. 15 91. A liquid ejecting
nmet hod, conprising: providing a substrate having a heat generating surface
for generating heat for generating a bubble in Iiquid; providing a novable
menber having a free end; 20 -2provi di ng an ejection outlet nenber
havi ng an ejection outlet for ejecting the liquid using the generation of
t he bubble, the ejection outlet being opposed to the substrate with said

novabl e menber interposed therebetween; 25 wherein the ejection
outl et menber and the substrate define a liquid path therebetween and do
not cross each other in the path; -115- disposing the free end of the

novabl e nenber
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at a downstream side with respect to a direction of flow of th
the ejection outlet; and wherein the bubble displaces the free end of 5
t he novabl e nmenber, and grows toward the ejection outlet to eject the
liquid. 92. A nethod according to Caim91, wherein the novabl e menber has
a fixed end which is disposed 10 upst22am side with respect to a
direction of flow of the liquid. 93. A nethod according to Caim 91,
wherei n when the novabl e nmenber is displaced by the bubble, the 15 bubbl e
expands the free end of the novable nenber. 94. A nethod according to C aim
1, wherein the heat generated by the heat generating surface causes film
boiling of liquid to create the bubble. 20 95. A liquid ejection head
conprising: a substrate having a heat generating surface for generating
heat for generatipg _a bubble in liquid; a novable nenber having a free end;
25 . an gjection outlet nenmber having an ejection
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REPLAVENMENT onitt-2

outlet for ejecting the liquid using the generation of the bubble, the

*ej ection outlet being opposed to the -116- substrate with said novabl e
menber interposed therebetween; wherein the ejection outlet nmenber and the
substrate define a liquid path therebetween and do not 5 cross each ot her
in the path; an opposing nenber cooper&Bl-e with the novabl e nenber to
direct the bubble toward the ejection outlet, wherein said opposing nenber
opposes to such a side of the novable nenber as is near to the 10 heat
generating surface when the free end of the novabl e nenber is displaced by
t he bubbl e; the heat generated by the heat generating surface causes film

boiling of |
| 7o)
< &
NI
hE
x
o || %
o a oo
(o)
Q0
Na

FI1G. 31

__219

HD
DRVR
MT
DRVR

CNTRLR

This is *he replacement shael

Date: 1 6 JAN 1997



RefLALEMENT ofttd

96 A liquid ejection head according to Caim95 wherein the novable
"menber has a fixed end which is di sposed upstreamside with respect to a
direction of flow of the liquid. 20 97. A liquid ejection head according to
C ai m 95, wherein when the novabl e nmenber is displaced by the bubble, the
bubbl e expands the free end of the novall-e menber. 25 98. A liquid ejection
head according to C aim95, wherein the heat generated by the heat

generati ng surface causes filmboiling of liquid to create the bubble.
99. An ejection head according to daim95, 5 wherein the opposing nenber
is a second novabl e nenber having a free end, and the free ends of the
novabl e nmenbers are opposed to each other with a gap
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Pebet ween. 10 100. An ejection head according to O aim 95,
rein the opposing nenber.is a'\
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Application No. 9609619-3

TEXT OF THE ABSTRACT

LIQUID EJECTING HEAD, LIQUID EJECTING DEVICE AND

LIQUID EJECTING METHOD

A liquid ejecting method includes providing a substrate (1) having a heat generating surface
- (2) for generating heat for generating a bubble in liquid; providing a movable member (6)
having a free eénd (6a); providing an ejection outlet (11) for ejecting the liquid using the
generation of the bubble, the ejection outlet being opposed to the substrate with the movable
~member interposed therebetween; disposing the free end (62) of the movable member (6) at a
downstream side with respect to a direction of flow of the liquid to the ejection outlet (11);
and wherein the bubble displaces the free end of the movable member, and grows toward the

gjection outlet to eject the liquid.
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